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INTRODUCTION 


Brvoer venturing to prosounce eny judgment upon the 
vexed question esto the nature of vital phenomena, which 
thas been for lng the subject of dispte between vitalists 
and mechanists (and of which the lest enquiry undertaken 
bby Sciewie has been the most importaut echo), it ie 
sueatial to being into dear relief fandazmental character~ 
{atic common to all these phenomena and including a 
instances all those other properties which at 
‘Various times have been pat forward as characteristics of 
the vital phenomena themselves. This. fundamental 
characterise isthe purposive of teleological aspect of the 
‘most typical vital processes. 
ei nde aay tomy bat th ago 
eas. ot even. aezely ve uspect of 
“onsts. To obtains defaition we have inevitably 80 
take tao, the measure of all things, a6 a starting point. 
Man explains the conscious and voluntary actions of his 
{eliows by comparing them with his own ; and since be 
Jknows by introspection that his ows tend to satisfy certain 
appetites and desires, that is to realize certain eas, be 
attebutes similar purposes to thoae of others and, thanks 
to this hypothesis, be is able to explain their conduct 
‘the way whic i for him ofthe greatest pragmatic tity, 
“These same needs end parpoces have driven roan to 
invent and construct a tromendows variety of'aftfacts* 
houses, manufactured artices of all kinds, togetber with 
the machloes necessary for their production, et.) which 
1make their satstaction and realization posible. Every 
“artelact ’ or every machine in the widest sense of the 
‘word, as well us each of itz parts, has, therefore, a ond, 
ib sero a urpote and the purposive explanation of 
the machine, supplementing and completing the purdy 
‘causal explanation, simply consists in discovering the 
w z 
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purpose either of the machine ws a while, or of sme one 
of ite parts, of ofits different waye of functioning. 

‘Before proceeding further, bowever, we mst note that 
the great majority of man’s actions, instead of tending 
towards the immediate satisfaction of actoal needs, ater 
ntiipate und prepare for thet: future satisfaction, or even 
for the futire satisfaction of those which, though net felt 
at the moment, wil, according to our calealations, make 
Uemaelves fet in Une tocome. These actions therfore, 
cannot be explained fcom » purposive standpoint except 
{In s0 far a3 the distant object which they envisage ls In 
cvidence. In the same way, and this fs a perticular 
instance of the purposive anticipation to which we have 
jim ceferred, no machine serves the pucpove for which it 
Inna been invented sail its fnithed. Before this point 
1uas een reached the parposive explanation of a machine 
‘or of aay of the parts under construction consists in dise 
‘covering the perpove which either will eree when the 
whale is completed and working 

‘The concept "explanation, in 30 far as it is concerned 
with human actions and creations, inchides, therelare, in 
addition to the porety causal element, the purposive or 
telealogical dlement, which completes it and is, indeed, 
the most important pert of it; in other worda, i inclodes 
the discovery of the end or purpose which the action oF 
object to be explained verve or will eventoslly serve. 

‘This purposive explanation, fr from being in opposition 
to the causal explanation, completes it, as i have said 
before ; and, moreover, if ix complement which is abeol 
ely necessary it, when brought into contact with human 
Vebavionr and human craatioes, our need for understand 
ng is to be completely antixSe 

‘On the contrary, everyone Knows that we do not 
experience the need for any such parposive explanation 
in the case of the phenomena of the salursl inorganic 
‘work, in wo Gar as they have aot bees artificially trane- 
formed by man. A purely couse) explanation is cam- 
pletely suficient for all phenomena of this kind. 

Now we see that even people of the most rigorously 
positive scientific east of mind, when confronted with the 
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rest typleal and fundamental matifestations of Ul, are 
driven just 8 imperatively as in the case of human 
‘behaviour and Bumaa creations (which, afterall fall ax 
such into the category of vital phenomena or their more or 
les ect or indirect rests) calle their ai frporive 
aplanations, that is, to sapplement their purely causal 
‘explanation with one analogous in certain respects to thet 
‘which they apply to the bebaviour and articial products 
of man. 

1t cannot be that this need which we feel for a par. 
pesive explanation of vital phenomena springs from a1 
Trsuficient Knowledge of ology, became we fel 30 
timiar need in the case of inargenic phenamens which 
may for atime, on account of thts great complexity. ly 
all our efforts towards a causal explanation. Nor can it 
the that it springs from an error ot thsion ef perspective 
caused by the standpnint {rom which we observe vita 
phenomena, for it stl persises even when we try most 
Yigorously to adopt the same atitade as that which we 
fsmume before phenomena of 2 norvliving mature. Pat 
‘whatever tha ease, the fact remain that nwo fa as Living 
beings are concerned we are led Co adopt a special attitude 
which dite fro that which we adopt where non-ving 
centties aze concerned. 

“This fact i gielent to jutity the statement that the 
substantial difference which exists between the attitades 
1 ingle mind adopts accerding as it is observing, though 
adways from the same postive scientific stendpoin, living 
entities or non-living entities, mast correspond to some 
‘eeential diflerence between the (wo great categories of 
Phenomena into which man kas divided everything in 
ature whichis open to his perception, 

a the frst part of thie work we propose, theefore, to 
find out whether this esenticldiflerence realy exits and, 
if'to, fa what it consists. In the aie chapter of which 
it is composed we shall as rapidly a8 ponte, and in 
secordance with the particular purposive aspect, pass in 
review the mast characteristic vital phenomena, beginning 
‘with the simplest aad ptosing on to the more complex, 
{in opder to dlustrate the nattze of their common funds- 
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mental characterise of parposiveness. At the same 
‘Game we shall try to prove that our Hypothesis ax to the 
nature of life, which we have developed in eur 

‘wank Ow tha Tshertance of Acputrad Characters and 
Bibdopical Momory, ‘a fuly wequate to explais these 
Purpave manifestations 

Ta the second part we sbal try to indicate the exact 
position which our basic biological eopocption holds 
Ertween the two opposing theories of italian and mechan- 
Jam which, (il wow, have held te Seid elone ; and, in 
Aiton, to show that itis ofa strictly positive scientific 
atare and explains the purposiveness of ifeen causal end 
Seterminitle ines 

‘In concloson we shall ovtline the general considerations 
‘which our conception of lle suggests a to the place of 
tan in the Universe end the sopreme az of human 
extence. 

‘The fact that this English edition fllows 30 clonly 
‘spon the Ttalian, French and German ones encourages is 
to hope that it will alse arouse in the, Eagish-speaking 
public an interest in the renewed effort tot a Ltd the 
fick ve wich soe the great maya of ie 
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PART ONE 
Purrosivennss oF Virat PHENOMENA 


THE NATURE OF LIFE 


Purrostvaness ov Tae Most Etzwewrany Puysio- 
‘LocIcaL PaExouRxA 


ASSIMILATION AND METADOLISN 


stein ‘Satkncsing tetas ay Se aceon Feta 





Evan the phesomena of such eementary and general 
vital procenes as astimilation sod zoetabolism pouweas 


Assimilation is a seliction, The living substance, 
‘hich is constantly being broken down during the phase 
of functional activity and constantly being built up again 
Waring the subsequent phase of reparative rest, selects 
from the extremely complex mixtare of chemical 
substances disclved in the nutritive liquid just thove 
compounds of radicals or frgments of atomle gronps 
\ebich will reconstract it in the same specificity ax before. 
‘The saltction i made by « substance which is different 
from these compounds, radicals or fragmenta of atomic 
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\sroups, and which fe certainly not inact even in Its state 
of functional rest. Tt is reminiscent in certain respects 
of Maxwell's “ sarting demas,” which salects oat of all 
‘he molecals ofa gus only thove which enable it to reverse 
‘the normal process of degradation of energy withoat 
violating the fundamental principles of thermedynamics, 
And as saledion the assimilative process bas a marked 
‘purposive aspect* 

‘Attenupte bave been made to compase the assmilative 
‘process and the growth of living substance which some- 
‘lunes follows withthe growth of exystals i a ealt solution, 
The two proceses are, however, substantially diferent, 
In crystal formation we see a reciprocal attraction of 
‘mokeules, all inert and all equal to oae another, which 
‘merely leave their places in the solution when it bas 
reached « certain degree of saturation and pile themselves 
‘one upon another ; in other words, we ace a simple process 
‘of deposition. In assimilation, on the other hand, « 
substance which is not inert selects certain ateanke groups 
or radicals out of the large auraber prevent in the nutritive 
liquid ; they are dtferent trom the substance in question, 
the degre of dilstioe is not a determining factor, ant 
‘they are just those ones which enable it to return to the 
state existing before the dissimilative phase. We are 
dealing, therefore, not with a meraly pausive process of 
Geponition, but with ax active process of symibesis and 
reconstruction by means of materials melected ai hor and 
Aiflerent trom the substance which they are to build up 
faguin. Ay Arthur Thorson cightly saye: “Organic 
‘growth takes placa at the expense of materials diflerent, 
‘we may even go so far as to say radically diferent, from 
those of which the arganiam Is composed ; it Involves an. 








"G1 Fokatoan The Phy of Bley, 16240. 289- 


ASSDULATION AND METABOLISM 5 
active essimilation rather than a postive juxtaposition, 
ss in the growth of eryatals."* 

The Living substance, partially destroyed io the 





repairing itself and regaining its former condition, We 
see nothing similar to this in the inorganle workd, where 
chemical substances, when disintegrated or trunsformel 
into other compounds, do not show the slighlot tendency 
4 reconstruct themaetees through ax active frecess of their 

Lonb himself recognizes that “che esential diference 
Dewees ving and momliving matter consists sx this: 
the living ceil ayntheties tts own complicated specific 
raterial from indiferent or nos-specic simple compounds 
of the surzoundiag medium, wide the cryaal simply adda 
‘the molecales found in its supersaturated sclaion. This 
synthetic power of transforming ewall “Building ones” 
into the complicated compounds specific for each organ 
lara in the ‘secret of lif,” or rather one of the secrets of 
life."" He ako recogeizes that “ the coustant synthesis 
‘of specif material fram simple compounds of & non- 
specifi character isthe chie feature by which ving matter 
Ailes trom nan-iving reatter"* He is thus foeed isto 
diaitting the existence of a“ specific synthetic mechan- 
lesa” which varies specifically for the various cells of 
diferent tissues. 

But thie “ syuthetic mechenism,” whose function coe 
sists not simply in electing the synthesis of complex 
eempounds, bat in building up again exactly thooe 


weadgh Reggae" Witbem stctanen” Sat, Jammy, 
‘vb, Th Ongaiom at = ha, 1916, 
+ Ean id pee 





8 PURPOSIVENESS OF VITAL PRENOMENA 

‘When Thomson says that the primary fandasental 
characteristic of he orgewian ia its power of persisting 
in a specific complex metabolize,” he is fuverting the 
toc ander. This property belongs sot to dhe orgevions 
Wat fo mela ita and itis one wot only of Bersitng 
in a specific compler mesabolie, but of mainieining oF 
irioing lo maintain this mctaeliom in 9 sai of stationary 
Synamic epeiirion ; while i¢ is from this ishereat 
property of metabolism that the organism itself derives 
its most chamcterstic properties 

This uot, thea, the quality or kind of chemical trans 
formations that take place in metabolism, nor the fact 
‘that they oocur otherwise tban és the laboratory (for 
‘example at Jow rather than at high teruperaturet) which 
itterentiaves metabolism trom every physicochemical 
‘process in the iocgunic work; at rather that it ls 
euentally process i a dymancic stationary sae; that it 
does not take place except in a stationary state; and 
‘that if this state is iatertered with by disturbing agents 
1 sooceasally strives (as we shall se later when consider- 
ing the phanoresa of new adaptation) to eliminate o 
neutralize the disturbing cause, or else to involve it in ite 
‘own proces, and thos ett back into the forme stationary 
equilibrium ar into a new stationary equilibrium. Now 
{in norganie nature, sti itis transformed by man’s work, 
sma nese meds any rovers witha vimils tendency lo maintain 
elf in oF sete Back into wale of dynamic sationary 
equiibrine, tor do ee evr met wy process Chat és in ouch 
tale, ‘The engine which moves the machinery of & 
factory i, it is true, a mechanical system im a state of 
dynamic stationary equiliberum, that i, its movements, 
its dynamic modalities, do not very with tes; but the 
‘engineer Knows what a eussber of inventions of valves to 

1A Memaan on 256, 
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regulate the pressure in the boiler, of ooufugal governort 
‘0 control the distribution of steam, of heavy Siywheek 
‘to equalize by their inertia the movement given to them 
toy the piston, were requined before the uniformity of 
movement necemary for the proper working of the 
machinery could be realized. Yn the same way the water 
which flows to a tarbing isi a sats of stationary hydro 
dynamic equilibrium, but only as 2 result of appropriate 
smlves which keep the current constant, The oonstant 
premure boiler is Ukewise in a state of thermodyaarsie 
stationary equilibrium, but only because of the safety- 
valves which preserve a steady constancy of presure, 
So, too, the daane ot candle, to whch many would ken 
‘he torch of lie, is maintained in a state of chemico- 
dynamic stationary equilibrium, but only thanks to the 
‘wick, which man bab constrcted is such a way that 
there is a constant flow of melted wax trough it. 

“There is thea no teed to cite any special vital process in 
‘onder to show that the physico-chemist he so fa nied te 
reproduce it in bis Inboratores or to explain it in purely 
hiytco-chemical terme: oa the contrary, it is the moet 
dementary and universal lie process, wie, metabolizm, 
‘hich, by this eneatial property of being a proces of 
stationary natare, peceantsitel! as fundamentally diferent 
‘rom any process in the nafwra! inorganic work. 

Tt may perhaps be cbjected that organic growth, ax 
sch, seams to run counter ta thi property astuamed Lot 
1etabatism, since by virtue of it the living substance 
‘would neither increase nor diminish, bot would always 
remain the same, both in quality and ia quantity, during 
‘the constant alterations of assimilation an dissimilation. 
But organic growth, which i after al, oot 2 permanent 
‘bata transitory phase of ie. not doe simply and solely 
‘tomietabotiam, bot either tothe presence of special internal 
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+ the purposive aspect of metabelian is 
evident, ft, 6x 25 tendency Se reowdy immediately the 
organic destruction caused by distiilation by & cormeer 
ponding asimilatioc which reprodvces identically the 
part estroyed, both qualitatively and quantitatively ; 
secondly, im is tendency to remain in a slationary sale, 








‘AI the tissoes, for example, remain the same, although, 
‘as Johnstone says, "the material subetances of which they 
are composed are is a state of continual ux." And, in 
‘the same way, the organlam a a whole, at Thomson points 
cat, * peaserves ite integrity for days or months o years 
ox centuries, always borsing but never being wasted 





2 PERN. 


ASSIMILATION AND METABOLISM n 


Living organiams,”” writes Loeb, “ may be defined as 
chemical machines consisting chiely of colloidal material 
and possessing the peculisrity of preserving and 
reproducing themscives."? But in the whale inorganic 
‘world, before man transforms it, there is nothing remotely 
resembling a chemical process teading ta preserve ital, 
while the very use of the word ‘machise” is a tac 
secognition of the fact that we are dealing with propertien 
‘which no physico-chemical process in the natural inorganic 
world exhibits, 

‘The most casual observer must be struck by the diflers 
cence between the living fruman organism, which remains 
almout unchanged during the thirty years of maturity 
between the ages of twenty-five and fitty.fve, and the 
dead) body which muflers such a complete change in lets 
than twenty-four hour, “The dead body,” writes Loeb, 
“iC its temperature ist too low and i it contains enough 
water, undergoes rapid dlintegration. It was natural 
to argue that life is that which resists this tendency to 
disintegration. . .. In the definition of Bichat, ‘fe in 
‘the sum total of forces which resist death.’ 

‘Why ia there so substantial a difference in. behavioat 
if only the same physico-chemical agents are active in the 
living organism 4s those which cavge the rapid disintegra- 
tion of the corpse ? 

‘And what explanation is there for the tact that the 
protein of the living cells of the walls of the stomach or 
the intestine is not digested by the digestive juices secreted 
by these organs in the sume way as the protein ingested 
in the form of food? “The bydrochloric aclé and the 
pepsin in the stomach and the trypsin in the intestine 
gest proteins taken in the form of food; why do they 
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‘not digest the proteins ofthe ces of the stomach and the 
intestine 7 They will prompély digest the stomach as 
soon ut the individnal is dead, tt ot during tie"? 

‘Loeb none the less uscompromisingly rejects "ihe 
mansirousessenpion "of distinction between a living” 
molecule of proteins asd a dead" molecule. Acconling 
‘to him “ the diference between lle and death is not ove 
‘between living and dead melecales, bit moce likely between 
‘the exceat of synthetic over hydruiyic processes.” 

‘But Loeb does aot attempt to explain why, in the same 
molecule, there is an excess of synthetic over hydrolytic 
proceste 20 long a8 it is living and the reverse a6 soon ag 
ft in dead. The explanation which immediately suggests 
‘ae that lie a a energetic synthescing proce, due, 30 
10 speak, to « swinging oc whirling movement which 
‘acres the substance which we call living along with it, 
‘and which, when the process stops, leaves this same 
‘subttance to the mercy of aatural physicochemical agente 
‘which ace chiely of « disintegrating character, Jn short, 
‘the process woud be somewhat akin to thove of watet- 
spouts oF whitwinds which raise up drops of water oF 
trains of sand with tremendoos force and then abandon 
them to the action of gravity after their trumformation 
foto otber energetic processes has caused a cessation of 
the whirling movernest 

i this ss, the substance produced during tbe assmila- 
tive phase of metabolism is only the fina) chemical remit 
of an energetic process sui generis, which ix not merely 
of a chemical nature and which constitetes il, 

“Byes if we accept as incontestable trots,” writes 
Grodilla the botazist, “the diferent bypotheses by means 
Of which we seek to explain the roccessive formation, 
fm vivo, of carbohydrates and other temary products, 

2 ati 939. oan 
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fats, and phowpbars mele up to Abuminid 
fobstances, there sil romaine fhe get and dicat 
uation How docs altuninold water ecquse, Gat 
instability which characterizes living matter ?*? 

"Now inthe Hight of the enlogy we have rogested the 
ingtblity whichis tpial of ving matter arises oxt of 
‘this energetic process sa generis, which catches up and 
Cains the abuminoid matter srg with I ding the 
tmctabole pases both of disialaton and etal 
tion 

"Wo have thos conde, thong only conor, tbe 
taowing tt 

x, The aspect or appearance of sdection exhibited by 
sini, 

2. The property of speniancous seif-recomstruction 
whic, Shacks fo tls nao, he ving postance 
displays. 

The syuthestng mechanism, which sem by 
simply the pecs iinegreion rote and which bere 
the te Flaton fo Hat macal to a ie tt 
‘is as it the disintegrating mechanism itself changed direo- 
tion, wile remaining Wenicl i evry Otber Way, abd 
transformed iif into the eonespoudiog”sybescng 
cooanian, 

4 Metabolism, which appear av foci © cle 
(fiynemt eaten gation, 

The dinimlaive phase, repewnting in i the 
impuse tothe eobsequect anitive pan; this hs 
slay been nocd by Gaede Berard nd ee proved 
by the rapidity with which metabolism tends to repair 
the orgie Gatracion which coaster faecal 
cca 
aide Sh eae et 
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6, The consequent tendency to self conservation which 
is a characteristic peculiar to living matter. 

7. The appearance of lle a1 ax curgic eynthasning 
process i generis which reconetrsets the livieg substance 
by the wery fact of drawing it into Sta orbit. 

In the presence of these facts, which so early Aifler- 
‘entiate the phenomenca cf life, even in its most general 
‘and elementary manifestations, from all the phenomena 
of the natura inorganic werk, we must ask wheter it ls 
in keeping with a tre scientific spit to pent in denying 
‘that we have bere something substantially different from 
ordinary phenomena of a purely physico-chemical nature, 
and to contiaue to contend thet physico-chemical Jams 
love afford a rallhent explanation. Ie it not more in 
coord with sound postive method to enquire whether, 
by asruming a new form of exergy—always obedient to 
‘the general laws of energetic but endowed with wll- 
Aefined elementary properties diferent from these of any 
form of energy in the inorganic world—it may not be 
osslble to ‘explain’ these characteristic properties of 
{ife, which seem so many ° mystenes simply beeauwe 
we obstinatey try to explain them by physico-chemical 
laws which prove to be inadequate ? 

This is what we have tried to do, in our hypothesis 
concerning the natare of the vital process, expounded in 
‘he Inheritence of Acgoined Characters and Biological 
Memory. We propose to give a rapid résumé of it here, 

‘According tothe theory of energetics, the various forms 
of energy ate the products of two factors, of which one 
cexprenses a capacity and the other ax intent or potenti 
‘Thos the intensity factor in electra) energy is given by 
‘the poteatlal or electromotive force, and the capacity 
factor by the quantity of dectrcity. We assume today, 
‘as everyone knows, that this last factor is composed af 
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‘demnents termed electron,’ al of which are ofthe sama 
Capacity for all poubie currents. In mechanical enerey, 
‘om the other hand, we amume that the eepacity facto, 
represented by saat, smade apof ements termed “male 
coulas masses,’ which are apeite for each snbetanoe—that 
is to say, they are of different capacity in different sub- 
sanees. 

Now if we suppose thet the capacity factor of this mew 
form of encrty which we need to portulate in onder to 
‘explain vital phenomena (and which, for reasons to be 
stated later, we shall call nervous eoergy), i» likewise 
sub-divided into elements which, on the analogy of the 
lectrons of currents of electricity, we can eal ‘nerions, 
‘but which, dlilecestly from the cactrons, are spaaic for 
ach nervous discharge or curent~that isto say of aifer- 
cet dlomentary capacity io diflerent curerts~Dhen we 
can assume a rcprocally univocal correspondence betirecn 
spscibcity of dscharge and specificity of substance, 

It is eany to imagine that two molecales of diferent 
composition and strocture cou, by hei sudden sooo 
position, give rise at the same time to ditlerent predicts 
hich would represeat the biochemical funtion properly 
so-alld, and abo to energetical scrvous shocks of diferent 
capacities: and, on the other band, itis conceivable that 
thin procens might be reversible: that is, if the same 
energetical nervous eck took lace in the opposite 
direction it might succeed in rebuilding the structure which 
had been broken dow. This i the mate peobuble ince, 
inthe case we ate considering, it would probably not be 
4 case of complete destroction, which could only be 
repaired by a reconstruction (com the foundations, but 
rarely of the separation of a given lateral group of atoms 
Previouly united to the principal central mass by the 
interposition of the icine radile NH, or the amine 
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adie NH. or the carboxyl radiele COOH, or some other 
similar raise Hence it wonld simply be» matter of 
reattiching the lateral groxp to the central reside. 
Thus Verworn, in his "tiogen hypothesis, supposes 
that in. desimBation oly the non-nitrogenous groups of 
stoma are detached, whilst the rtrogenons groups emain 
and constitute Uhe contra ma. This central mass later 
‘seatares ity orginal labile complexity a the expense of ew 
Don-nitrogenons atomic groups, ini to thove cast of, 
‘which are contained in the surrounding mutrtive qu.” 
then all cots of lateal groups of ators are present, 
ready-made in the mutritive Sud, we may well assome that 
when an energetic) shock of the same energetical 
“capacity * as that previously produced by the detach 
rant of a given lateral atomic group, of a wel-detined 
‘quantity of mas, s again propagated through te natrtive 
Mies, i¢ sets in vibration oaly this same atomic group, 
selecting tas it were toma amongst al the others which a8 
Present with i in the Liquid, and thus causing It e-union 
srith the central mass 
The (acts of fertilization and conjogation in general, 
moreover, seers edveiblein esence toa simple "coupling" 
tr placing face to face of clerentary quantities of living 
tubetance whose qualitative equivalence is proved by the 
fact that the male end female ouciei and the respective 
hromonomes taking part in the 'exupling * powess the 
same capacity for transmitting hereditary qual 
Similar proof is tumished by experiments oa the subeitu- 
tion of the nucleus of a spermatozoon fer the nucleus of 
ta ogg, and on the selffertlization of the half nucleus 
of an egg by its other hall, which had been expelled after 
the reducing division, and by many otber experiments of 
‘the same kind. Similarly the strange sockeer process 
1 Cf, Wermen, De Bigeye, Js, 03. 5-48. 
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of sypapsls, with which maturation begie both in the 
gg and ia the spermatozoon, brings to view extremely 
debcate threads ike axcklaces arranged in pairs paraiel 
to ou another, so that each minate granule of romatin 
fone lament is opposed tos similar geen ofthe other 
‘ilaxoent, And asim coupling of granules of chromatin 
fs seen in many other nvclear phases, both of germinal 
and somatic calla. These fats mggest that it ip 
Detween opposed couples of qualitatively identical ehro- 
ratio daments that the production of the vital pheno- 
enon properly so-atled takes place 

It we now assure that between each couple of these 
laments on ioe sucear eecilating vervous discharge ia 
produced, simdar in certain respects to the oxcilating 
sleetrical discharges of Here's resonators, we get a frst 
rough idea of the inner nature of the vital process whlch 
‘we can sabeat to the test of fats, 

Tin this conseetion the abservation made by Engelmann, 
will be remembered: namely, that the eslours in the 
spectrum which are most readily absorbed by bacteria ze 
thoge most favourable to their metabolism. The 
matadoion would ts: eppesr to be a Phenomanon of & 
Usbraory nature capi of undergoing resonance, We may 
infer that jut ax the oeellating electrical discharges are 
apt from extinction, or rather reinforced by the symchtonr 
ous Hertzian waves, so the cstilating intrasnacear 
Alincharges of nervous enerey may be kept from extinction 
‘€ even revived by synchronous oszillations of Hight and 
deat, which are themselves Hertian waves only of much 
shorter length. 

‘We should thus obtain, withont cequiring to lok for 
‘other causes, an expeation of the renewal and revival 
‘of lie with the fst caming ofthe warmth of spring. 

‘But we wish above all to emphasioe the fact thet this 
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rough hypothesis conceraing the inner nature of the 
vital prmcess offers ready explaxation for ll the char- 
acterntc propertis of assimilation and metabatism which 
wwe dacomed above 

‘The reciprocally univocs? correspondence betwees, 
specificity of living ubstance, which is alteraately broken 
down and bolt up agais, and specificity of nervous 
‘enerry in its alternate phases of discharge ass charge, 
‘which, ax we bave seem, arises from the strict correspond 
‘ence between their specific energetic capacities, would 
‘thus be equivalent to a tlction and would offer a very 
simple explanation of the sdective grocess which takes 
place in the sutritive fluid and which many autbors 
Ihave regurded as the peculiar characteristic of astmila- 
toa. 

‘At the same time we shoald Gnd in the oxllating intra~ 
nuclear discharge of nervous execay an explanation of 
the property of spontencus sulfrecosiruction which we 
mentioned above. The speciic nervons discharge pte- 
doced by the living anbetance during its disintegration in 
the Ars hal of the cailating phase, would la the eecond 
Dall be traneloemed cach time isto a charging current 
‘eapuble of exactly reconstructing the same substance 
‘whose previous disintegration produced this discharging 
current. Hence the teadesey toward sef-conseratin 
‘which isthe exclusive property of living substance. Thus, 
28 we aaw that the facts themselves suggest, the synthe: 
skaing mechanison wouki be merely the disintegrating process 
— 

The Gissimiative phase would thus be, an Claude 
Bernard beld, the impute to the cubsaguent esimilaive 
Phase: and the tendency which metabolism shows to 
‘lace inet end remain in a state of stationary equiltctum 
‘woold resale trom the fact thet the dacharge of nervous 
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energy caused by the disintegration of the ving mabatance 
‘would immediately be oamverted into 3 charging current 
‘which would reprodace in identical quality and quantity 
‘te living mubstance destroyed in the immediately preocd- 
ing phase. Further, the living substance would owe to 
‘his oscilating process, which carves it along ia ity own 
rhythm and cebuilda it at cach new beet, its ability 10 
‘erst and to resist the physico-chemical fores of sisal 
thon—won ability which would be lot aa 30m asthe oxcilat- 
ing process ceased. 

‘We cannot stop here to show how this ecatng intra- 
‘clear metabolic process whlch constitutes in ita double 
phese of ssimiation and assimilation, the state of 
‘estorative functional ret, alternates with non-oscilating 
discharges of nervous energy coming from the onclens 
Itylt, proceeding trom the nucleus to the protoplasm and 
onstituting disitegrating fuactiomal activity property 
socalled ; nor how this exclusively disintegrating 
functional activity goes op to excrcis, an reral of the 
stronger impulse which it gives to the oxillating intra~ 
amoclear process, a trophic action om the particular cells 
‘which are the seat of this functional activity. Nor aun 
wwe stop to show how trom this hypothesis an explanation 
of the rejuvenating influence exerted by fertilization can 
‘be deduced: a characteristic and enclative phenomenon 
of life which has no analogy whatsoever ix the inorganic 
‘world and which sti remains, inspite of experiments on 
artifical ferization which is terey stimolated partheno- 
(genes, a manifestation pecalias to lie. 

‘We must also erve unelaborated the explanation which 
thia hypothesis affords of the reducing division which 
recedes fetilzation nd of the peasiiity, emocstrated 
‘by Maupas in his experiments on infusoria, of replacing 
coojogation in unicelinkar orguaians by en exceptional 
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functional activity maintained by the variability of the 
sedan. 

Foe all these questions we svust refer the reader to the . 
‘works mmitioaed above, and, in particular, to Chapter IV 
Of Bialogical Mamory, whlch is devoted to an expositian of 
‘the ececgetic properties of the nerwous exergy which we 
‘ave asnumed as the basis of life. 

(Oar object in giving this rapid and necessarily incomplete 
eccoant of the purposivencss of the mott elementary 
physiological phenomena and of the explanation which 
‘our hypotheds oflers Is to show that to persist in denying 
that le bas peculiar charactenaticy of ity own and to 
‘maintain that physico-chemical laws aflard 4 euiicient 
‘explanation oft, invalves shutting one’s eyes toirefutable 
facts and adopting an antlacientiic attitude, A peejude 
‘ced sefusal to-embark on new paths is proof of intellectual 
terlty ; on the other hand, to seek new hypothenet 
repunling the energetic properties of some other form of 
energy postulated at the basis of life and to subrait these. 
_new hypotheses to the teat of facts je-~even though these 
firvt attempes may achieve ut little succesr—to follow 
‘those methods which ave always resulted in the greatest 
‘and sioct fruitful conquests of human inowlndge, 

‘We thal! ba the better convinced of this the further we 
‘sdvance, in the following chapters, in the examination of 
‘the other purpouive aspects af life which are the more or 
nse direct consequences and the more or Jest complex 
‘manifestations of those geseral and elementary purposive, 
aspects which we have bere consksered. 





by organisms has always been regarded, even in popular 
opinion, as a fundamental characteristic of life, to which, 
no phenomenon in the marura? inorganic world haa the 
remotest resemblance. Even the machines which man 
makes for his own ends lack this power, for no machine 
Juan in itaelf the capacity of producing ts own organs and 
its own elements, Such, too, has always been the 
mpressionof eminent biologists who have not been Blinded 
bby the preconceived idea that physico-chemical awe 
‘ean by thenwelver peovide an adequate explanation of 
lite 

‘The uniqueness of the ving machine,” writes Cone 
lin, “is nowbere more evident than ip sts capacity for 
reproduction." 

"The biologist,” writes Grassi, “ must ask himself this 
‘question = is it pomible to imagine 2 macbine as complex 
5 BG. Conte, Prete of npc Adpeaon, The Hic sao, 
Meoree (Peas PRT 
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sa the living being which fans, repairs, recompletes nod 
reeamposes itself automatically, even when the order of 
ita diferent parts 3s disturbed 2 "* 

“ Teme are going tocompare the organism toa machine,” 
‘my Stefani, “i must be to 2 machize which can make, 
‘preserve and reprodece itset, and which can, in addition, 
repair ony breakages which may occur."* 

‘Even iit were pouble to explain the organi as being 
‘8 physico-chemical machine, the moet fundamental 
questian would ofill remain unanswered—viz., bow did 
‘this machine make ise! ? As Kant sap: the machine 
Jas merely moving power ; but the organism bes, in 
addition, formative power."* 

‘The porposiveness of axtogeoetic development is toe 
evident to be denied seriously. 

4 reaalts from the convergence of maMifold morpho- 
‘etic activities towards one sole end, that {s, towards 
‘the formation ofa marvelous functional unity, every part 
‘of which serves to maintain the life and guarantee the 
‘welhbelng of the whole. We repeat that eothing even 
remotaly analogous is to be sen in say physico-chemical 
‘rooms of the inorganic world. To quote Grassi again: 
‘When & person considers the way in which a chicken 
springs trom an egg he experiences a deep feeling. of 
‘wonder; the biologist is acqusinted with the smallest 
details this process of development, bat this fecing isn 
‘uo vay diminished, for be ses a miracle take place before 
bis eyes; it as if he should vee palace growing ofits 
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own accord, withoat the help of workzen, oxt of a beep 
of bricks and plaster, with its windows and doors gradually 
opening, and its ganes snd shutter, its bakoniee and 
faralture taking shape.”* 

This “harmoay of composition,” as Dricsch calls st, 
has indeed 2 (ouch af the marvellous, “Experiment 
‘hows be writes, that te organs of the adult which, 
spite of theie complexity, form an indivisible whole, aise 
fom the re-union of several ements each of which 
develops independently. There must, therefore, be some 
harmony presiding over the relative prsition of the parte 
of the embryo, as & result of which the independent 
ements waite to form a whole, We call this harmony 
harmeny of campesition.’ An excellent example of 
itis to be sea in the developsnent of sea urchins, in whieh 
the mouth and the intestine develop independently, but 
when the development is completed the two organs fit 
together pertectly."* 

Ontogenetic development evidently aims at a pre- 
determined end: “In all of its general features,” writes 
Conklin, “development is teleological, The end is 
‘apparently in view from the beginning, Consider, for 
‘example, the development of the eye ; the retina wi 
sensory rods and cones, the fens with the cliary proceases 
snd muscles for focussing, the transparent cornea and 
tnumor—each and every portion of the organ develops 
‘toward the end, or shall we sy ‘for the parpote of vision, 
and yet there is 20 vision until afterall these parts are 
formed and connections have bees made with the central 
nervous system, which dors not occur until late in develop- 
sent, sometimes, as in the ease of the sat, some time 
after birth."? 

1S Seige 24, 


1 Bay art 
3 ri See a oe som 





24 PURPOSIVENESS OF VITAL PHENOWENA 

“The most striking display of purposiveness in cntagesetc 
evelopment lesin thefact that the organism forms in itself 
cxgans which will llr serve for is conservation. Tha 
formative activity seems, in otber words, to be endowed 
‘with a *previoa "of futare neade, a wen, or example, 
to,quate Conkli’slusration, it eeates the ongas of sight 
in the embryo while still o/the maternal womb, although 
it wi be of use to the individual oaly in te extraaterine 
Iie i creates the stomach and all the otber parts of the 
igetive apparatas,uocless to the exlbryo which iss) 
souriahed by the materal blood, and the lungs, though no 
respiratory fanetion io yet necesary 

‘Thus ontogenesis seems ‘ marshalled” by some occult 
Intelligence or ‘enteechy in the same way a the 
ccunctroction of « machine and the arrangement of ita 
different parte i presided over by the ming ofthe engineer, 
“Id we watch the development of the epg of an animal 
ito a laeval orn,” Johnstone writes, abd continue to 
trace the metamorphosis of the larva into the perfect 
‘imal, we cansot fall to conlude that, betde the 
‘urividval physico-chemical reactions whuch proceed, there 
‘salvo organisation. The elementary processes must be 
integrate. Thera must be 4 de order and socceeion in 
them. In stodying developmental procestes, in consides- 
ing the developing organisa a whole, we are impressed 
above all esa with te notien that not caly do physico- 
hemlcal reactions occur, but that these ate marcalled 
into place, so to speak"? 

‘The purposivenens of ontogenetic development, that is 
the exstcace ofthis predetenined end, is ale evidenced 
by the fact that the enbryo overcomes sary disturbances 
which right deficit fom its course. Such disturbances 
would certainly defect a parey physico-chemical proces; 

1 detemen ofp art. 
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‘bt the ecabryo reacts nguint them 302s to get back Into 
fits usual peth and resume its normal development, “A 
change in the conditions wider which the inorganie sytem 
‘aiferentates.” writes Johnstone once more, “"leads of 
necesity to a diferent final pase, but. a change in the 
‘condition under which the enlrye develops need bave no 
‘uch eflct. If some unforeseen occurrence takes place— 
some tical interlerence with the process of eq 
mentation, which could never have been experienced in 
‘the racial istury of the organisro—a regulation by the 
‘arts ofthe embryo o:cur, and the Gal phate of develop- 
tent ray be the sume as if no interference had been 
‘experienced.”* 

Monstrosiies themselves are evidence of the tendency 
which the developing exibryo sbows to arrive at all 
corts at fs. predetermined end; for even the most 
ferlous accidents which can happen during the first 
ontogenetic phase at the mest only arest the development 
of a particular part at a particlar point, whist tho 
remaining parts of the embryo adapt thearselves as best 
they can and with as litte modification as posible to 
‘here prt local arzets and thu, inspite of everything, 
reserve ther specie form with the least posible change, 

i the phenomena of regeneration we see aguin this 
tendency ofthe organise as whole, as wel so its prs, 
to-arrive at any costa its predetennined end or to retars 
‘othe pat lading to when it as bee diverted by some 
vielen interference. 

‘The teleological aspect of thea phenomena appears ei 
more pronounced when we consider the ways which the 
regenerative process fallowy—ways often diferent trom 
ontogenetic paths, and chosen whatever they may be if 
only they will led to the regeneration of the part 

> Yeni, i. 9-3. 
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amputated of the reshaplog of the remaining part, m0 #9 
(to make a new complete organism. This it particularly 
noticatble In the phenomens of RicKilieng {regressions} 
‘ Undifornsiorng frenevals of dieretiation) ia which 
the remaining part loses its differentiation, becomes a 
heap of undiferentisted cela and begins anew the process 
‘ot forming the new organism. Nothing deslar 
happens in the reintegration of crystals, which lira: 
mechanies,binded by ejsdice, have compared with the 
recess of regeneration. 

‘We will wat speak here ofthe experiments made on the 
Ikolaton oe displacement of frst blastomeres, in which 
‘exactly the same organiam in produced 29 in the normal 
couse of develope, nar of the fasion of Klastule and 
fAastrule of the same kind with i production of «single 
conganiam. But these two series of experiments equally 
Indicate the existence of a predetermined end towards 
‘whlch development moves, and from thes Dricseh has 
Quite justitatly draw his stzongeat erguments in support 
of his antimachaaistic conception of lt. 

‘What dothe ultra-mechanistsdo when confronted by tesa 
Aiatnctly teleological manifestations of the generative 
‘and regenerative proesses. which are clearly patent to the 
eyes of all who aze not deliberately binded by prejudice? 
‘They direct all Uber efforts to an attemgt to prove that 
Given chemica sobstances exercise a morphogenetic action 
on particular developments, hoping 10 conclude tciumpl- 
antly that the entire series of morphogenetic phenomena 
constituting ontogeaetic Gevelopvect may be explained 
completely and excualvely by physicochemical ectza, 

‘But in this attempt they bave mistaken an action which 
merely releaser marphogenetic activites for a genuine 
morphogenic action. And beside, even if they 
‘woveded in this task, they would sill have eo expla 
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‘wow this sion of simple physicochemical actions and 
reactions haa assumed the parposive aspect whichis 50 
sharacterstic of developmental phenomena and which, 
con the other hand, is never sen in the physicochemical 
roceates ofthe natura inorganic world. 

‘Am exartaation of the facts wich they bring farward 
im support of their theory wil sufice to show that the 
ftra-mechaniste have sot sooceeded in their attempt, and 
that they have confused actions of simple Tease with 
feauine morphogenetic actions, 

Bohn, when trying to prove that only physica 
Chemical phenomena are involved in ontogenetic develep- 
iment, writes: “When fragments of the tests of newly 
caught frogs are grafted ander the kin of castrated frogs, 
which have not, therelore, the sexcal character of the 
swaling of tbe strongly pigmented tour with its numer 
‘ous ands, the glands ofthe thumb begin to develop agein, 
and jn Jess than two mont they tale on a normal appear 
ances 

tn his latest work.” continues Bohn, “ Steimach 
das experimented with cross gratings: be grafted ovaries 
on to castrated mtles and tates ox to castrate females. 
Rats and guinea pigs were talsen very young apd the 
operation performed oa all the animals of a litter, The 
firot renal to emerge was that the inSuence ofthe puberty 
acd, whether rake or fesale, is specie. Not only 
does it not eacoarage the development of the organs of 
the opposite sex, be i inbitis them, and cannes them to 
« Tegress. On the other hand it eames the homologois 
sexual organs te come ont of their undecsoped and ietent 
sate in. the castrated males which bad ovaries grated 
9, the mamille and rilk gands grow unti they are the 
ame in form end elae as in norma! females of the stxse 

* Bebe na A Dawn, Lace fa he, 985,206 
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‘age. And In all other partialers they acquire female 
characteristics, both mesphelogically and peyehotogically."+ 
‘From thase observations, especlally trom those which 
‘we have italicized. it is lear that the chemical substances 
cx horinoes secreted by the gratted ovaries and testes 
fice aslmple release, freeing of morphogenetic activities 
‘which had until then been suspended or inhitited, The 
‘phenomena of hermaphroditisa offer abundant illustration 
of this, as Boho imac! seems to adaxt, “It ia in 
insets,” he writes, "that the mast frequent examples 
of hermaphroditism are found, that is of individoals 
Which ara half made 2nd half fewale, or a varied mone 
of the characteristics of the two sexes, 14 65 not eary 
fst glance to reconcile hermaphrodite with the hormone 
theory. Wt is evident that the secretions both of the 
tests and the ovary, which ase carried by the blood, do 
‘ot remain in one half of the body : they circulate through- 
‘out the organism and inftoence the cells beh ofthe mae 
‘and the female hall. Many biologists, therelore, are 
‘opposed tothe theory of sexoal hormones, as fr, that is, 
‘a ingects are concerned, foe in vertebrates thei uction it 
‘00 obvious to be denied. But examples of hermaphro- 
‘are found in vertebrates alia. There are, for 
instance, bulifaches which Rave on ove side of the body 
‘the teatis and male plumage and on the other an ovary 
nnd female plumage, the feathers meeting on the midline 
of the body withost any transition. 1s the hormone 
‘theory, thereto, inapplicabe in this come ? Not necess- 
arly. “A chemical substance which is dlusolved in the 
blood, althoughit isin contact with all the tsmues, acts 
only of those of cornalative chemical structure, and not 
the other. 
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‘That the chemical action of the hormones is nothing 
more than a celeasing of mecphogwaetic activities and not 
itself morphogenetic, is equally shown in the cppesite 
‘anes when the action of the hormones éxkbite merpho- 
graetic nctivities: “ Péchard has demonstrated that the 
Temoval ofthe vary leads to the appearance of spor and 
amale plumage is hess The ovury would hus normally 
cecerese an taibiting infuence 08 the development of 
these characters" 

‘An analogous action of simple release, which no one 
would take for 2 morphogenetic action, is exercised, 
for example, by water on the lava of the newt 
‘elton: “Alter having removed the lane of the 
newt triton at an early stage from the miother's 
body, Kammerer placed ther in water, where they 
completed their development. In this case, Oxy 
developed gills and other structures like thase of their 
fishy ancestors.* 

‘Many of these examples of snp release of morpho 
(getic and instinctive activites, flected by the external 
medium as a whole or by certait particular physicor 
chemical stimeli, are described by Semon in his work 
The Meme? which deals with the analogy which exnta 
between thi celanse of morphogenetic or instinctive 
sctiviies and the mnemonic reTetion of certain mental 
activities, Im a suggestive fashion Senoa shows how 
any of the morphological passages from one stage of 
evelopment to another are evoked by stimuli which, 
fon aceouat of their nature, oF of the creumstances 
in which they work, oould certainly never exert @ 
trae ‘formative’ action, but which may be easly 
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imterpeted on cflecting 2 miease of cxtain suerpho- 


In shar, jost as the cme of seaweed may evoke the 
inoage of the gulf of Naples in the mind of someone who 
‘hak gen i before (and sely 20 one would maintain thet 
te chemical action which is then exerted on the nasal 
‘mucus exerts af the came time formative and directly 
determining infisence in relation to the excitations of the 
wserebral cortex which constitute this image), 0 certain 
Ihotmooes are responsible or the release of a given: marplo- 
genetic activity. Thus, this type of axgumeat which the 
rmechanists resort to iano way proves that ontogenetic 
development an be produced by the siople play of 
Physicochemical factors 

Bat, we repeat, even if they succeeded in this attempt 
they would still have to explain the purposive aspect of 
thi ontogenetic process, whichis 90 oorspex and which 
than a0 analogy ia any phydcocheicl procem of the 
‘worgunic world. Even if we adeit, says Conklin, that 
a given hormone is the chemical stizulus which Jends to 
‘the adaptive reactioos in each of these cases, it does not 
jn the Yeast explein the foct thet these reactions are 
indaptive. Why should the reactions of so many dierent 
arts of the body to endrase (formed by the interstitial 
‘ila of the testes) oc gynase (lrmed by the ovary) be of 
such a character that they ead to the development of all 
‘the complicated organization of the male oF feceie, and 
‘why ehould the organiatioa ofthe two sexes be so adapted 
to cach other? it is evident that the stimulus which 
starts these adaptive reactions does not explain the fact 
‘that they are adaptive:* 
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I thie section on generative and regenerative pho- 
romena’ we have thus rapidly conaered the folowing 
facts: 

7% The devlopiog organism's capable of wt coneiruc 


2. All the morphogenetic activities converge towards 
single end ( harmony of composition’ to use Drieach's 
phrase). 

‘3 Ontogenetic development tends towards a pre 
determined termina) slate. 

4. The development of the embryo seems ati it were 
‘marihalled by a sort of occult inteligenoe or ‘entelechy,’ 
in the same way 99 the consiruction of a machioe Is 
directed by the mtd of the engineer 

Tbe embryo reacte against carly disturking 
{nduences in sacb a way as toresume at all coat its noma 
development and to arive at its predetermined end, 

6. The phenomena of regeneration bave lkewise 
purposive aspect, indicating that the organisms strives to 
return to its norenal state 

7. Finally, the alleged morphogenetic action of 
physico-chemical factors is revealed as being @ mere 
release of marphogenetic activitcs already potentially 
existing. 

{Tn view ofall these facts by which the highly parpoo 
ive generative and regenerative phenomena are so clearly 
Gatinguished frem all the nor-purpcsive phenomena of 
‘the natural inorganic world, it sees jutifable to asic otce 
sore whether it sin keeping with « trac sceatiGc spirit 
to cloge one's eyes to this purposiveness and to persist in 
firming that there is nothing in these phenomena which 
‘cannot be explained by the commen physico-chemical 
factors active in the inorganic world. On the contrary 
ia it not im scosrdance with sound positive methods of 
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rowarch and investigution to cansides the possblity ot 
accounting for thene phenomena of generation and regener 
ation by postulating = new form of exergy—ahroys 
obedient fo the general laws of energetics, but endowed 
‘with wel-detined elementary properties of 82 ows 
jut up we have done in the case of the meat 
dementary and geveral phenamsens of ite, viz, asin 
Yiom and metabaliza > By renouncing x purely mechan- 
inte or physieochenica) explanation, which bas shown 
ise incapable of accounting for the most characteristic 
Pecaliartcs of these pheoomena in their parpesive 
Aspect, may it not be poutible to explain them from the 
nae und deterministic point of view, by the easumptlon 
of a new form of energy peculiar to the realm of 
Ue? 

‘Now the property which we have sammed shove for 
the new form of eneray which we have postulated at the 
bans of life (which we shall continue to call ‘nervous 
seme for reasoas to be given soon) farishes us with the 
Aesired explanation. According to our bypotbesis the 
specificity of nervous current or discharge which is pro- 
duced. by the sodden decomposition of a given nuclear 
substance inthe same which, fanctloning ater as earent 
‘of charge, reproduces the same specic substance; or, 
inversely, every new nereous corrent, arising as 8 ceeult 
‘of @ trancformation of energy from a given external 
stimulus or a new intemal adaptation, deposits in the 
ppticular moceas fo which it end the same specific 
nuclear substance which, ints eubsequent decomposition, 
reproduces the same specific nervous current which 
dleponted it, thes conatituring = specie accurzlation of 
this nervous carrest. This property of specie accumula- 
tion (er, in other words, of reciprocally walvocal cores- 
poudence between the specificity of the nervous current, 
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‘whether of change of discharge, and the specificity of 
‘the substance accumulating this nervous exergy) is more 
‘than roffcect, with the support of the oentro-<pigenetic 
hypothesis of development, to give us an energetic and 
deterministic explanation of all theee generative and 
regenerative phenomena, eves in their wost clearly 
teleclogical aspects, without Saving need to resort to 
" entelechies” or other metaphysical or mystical entities 
of the same kind, whicb, by their very aature, imply the 
abandonment of aay scientific causa explanation. 

Ti our work oa The Fueritance of Aeguived Character: 
Hypothesis of e Contro-epigencsis, we attempted to develop 
thistheory. According to our hypothass, during the whol 
coure of ontagenesis* plasmatic’ activity radiates out 
from central sone of development, constituted by the 
erm: plasm and situated in a given part ofthe organism, 
‘Thin pat i always the same, both when the organism in 
its phylogenetic changes socceasively deposits specific 
accumulations. in the germinal substance, each one 
corresponding to the physiological activity which at this 
point is the resultant and representative of the general 
Physiological state of the particular phylogenetic stage, 
and when, on the other hand, the gecminal substance 
itsel successively activates the accumulations which have 
been depanited In it daring phylogenetic evolution and 
thus prodaces the unbroken passege of the embryo from, 
one ontogenetic stage to the next. 

‘We have thus saconeded is soiving the three fanda- 
‘mental diemmas of ontogenetic development which have 
10 long defied biologists, vi, preformation or epigenesis, 
(prelormiatic germs or non-representative germinal exe 
stances, and nuclear somatization or qualitatively equal 
‘dear division. We have also been able to account for 
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the fandamenta biogenic law of the ontogenetic recapite- 
atl of phylogmesis; for the mechani of the trans- 
miion of acquired characters; and for the notable 
smalogy, brought out ie particular by Hering and Semon, 
between the phenomena of development and maemonic 
phenomena in the narrow sense. 

‘As for 09 this fat analogy is concerned, we have even 
Deen able to ahow that if resolves Itself into a case of 
ubstantial identity, in chat the phenomeas of these 
‘90 eaegorie soem to be particular manifestations 
ofthe clanentary and general fact of epeciic accumulation 
whichis found atthe basis of both, 

‘A comparison af the phencmens of tmnsaistion of 
anuclear excitations along the intercellular protoplasmic 
flamenty of tissues 2 both aninals and vegetables an 
the phenomena of vestiveness abd covement which are 
eva in some degree in all plants, with the phenomena of 
movement and bebaviowr ia generat of unicellular organ- 
lame and of the erabryonic forms of esarine oeciea which, 
‘even in the moet primitive stages, are capable of an 
Independent fe and of moveroent, tee, on cote examin 
‘tion, to justify the concasion that the form of energy, 
which we bave hypothetically assured as the bass of life 
{aud whic we heve provisionally called" nervoas* 
energy), in nothing other than necvous energy properly 
so-called, even when it is prodaced by the nuclear die 
charges of noo-ce-voas cel, wheter animal o vegetable, 
somatic of germinal. This copelasion, moceower, is in 
agreement with the wel-kzown view bed by Cliode 
‘Bernard es to the enventially sizilar nature of ell forms of 
icrtablity or organic excitation. And we can conclude 
nzeservedly trae this at all the specific accusralationt 
Alepented both im the cue of the very varied somatic 
‘ells of the different taroes and in the germinal ois are 
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really authentic mmenonic accumulations, fundamentally 
of the same nature as those deposited in the centres of the 
(grey matter of the brain, which produce by thelr lscharge 
the peychic phemomess of moemonic recollection in the 
srict sense. 

For a detailed expition of this hypothesis we must 
safer the reader to the work already quoted on The 
Inkeritence of Acpwired Characiers (orto Chapters 11 and 
UI of Biological Memary, where a résumé of it is giver), 
for much ground still remains to be covered before we 
complete this examination, rapid though it is, of the 
principal purposive manifestations of life, 
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lis environment. In this preestabihed adaptation we 
again find evidence of parpesivenese—a purpesveneas 
‘whichis in szict dependence onthe ontogenetic purposine- 
‘eae aceady examined. 

‘The preadaptation of every Bving species to it con 
Aitons of ie ia, as we ixow, ont of the facts which has 
sronsed the prafousdest measare of wonderin naturalists, 
will it hus inopired the regions to buret forth into 
rapruroushynams of pais tothe antbor of e wack revealing 
so semariable 8 degree of foresight. 

* 
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“The whole complex onganism, with its infinite variety 
of organs whose fusctioos are al so remarkably connected 
aad coordinated, and all of which ‘serve" for the 
conservation and the well-being ofthe indivigaal, is ready 
for embarking upon its independent life before this latter 
begins and, consequently, before the majority of its 
fonctions have had any oppoctunity of bing exercaed ot 
Of being useful to it, “"Taherited adeptations,” cays 
Conklin, "are those which appear ia the developcnent of 
{ndivideale asi in unticipation of fature needs and not ax 
‘result of present ones." 

Tt fs apparent eves to the nowspelalist that the 
stomach and the lungs of tbe mammal ace already formed 
‘hen it leaves the maternal woenb, although only at this 
point do they begin to be of use for the maintenance of 
Le that siilaly the chicken comes from the egg with 
‘ts wings already formed, the new-born child has eyes 
ready to receive the Srst rays of the wun, its legs are 
furnished with ligaments and tendons and rousces a if 
they were there to ivite the buby to make we of them, 
And teeth begin to apprar whic the chiki is stil sacking, 

But the biologist finds sill deeper and more valid 
satter for astonishnent in the funher mechanism of 
complex so-ordinations whaoe network extends over the 
Aifferent parts of the organism and over the diferent 
parts of an ongan, even before it has begun to function, 
"The whole smsorial and motor apyarates of the visual 
congan, in the widest sense of the word, isa living toc, 
Hering writes, “of which the new-born chiki bes not 
laboriously to leer the use, but which rather procures 
{er hin, without ert or tzouble, bis frst optical know 
ledge of the external work.” "The suisocy and motor 
processes ofthe eye come into action simoltaneoudy alter 

2 Coan, of, 
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‘thought to find the explanatory key in Darwin's natural 
selection, which owes its great and, originally, almost 
andisputed success to its attempt fo explain 1m a none 
Pepe wey ae pores pho Semone 

""Teig no exaggeration to state,” wrote the most extreme 
‘of modern mechanists, J. Loeb, who bas reomatly dled, 
“chat the umber of species existing to-lay i only an 
extremely small fraction of those which can end possibly 
da originate, but which escape ont notice and disappear 
Decause they cannot live or reproduce. If we consider 
these facts we realie that the mere laws of chance are 
adequate to accomnt for the fact of the apparently 
‘purpotetsl adaptations.”» 

‘Bat the Darwinian explanation, which considered oaly 
the morphological aspect of preadaptation—the only 
‘one which at frst attracted the attention of naturalists, 
since in it alone could they find scope for their chastBcatory 
‘work and since it was the one which Darwin had chiely 
fn mind when he worked oat his theory—bas been thowe. 
by & more careful examination, after the firet wave of 
‘enthusiasm had evaporated, to be completely fallarions 

‘We cannot examine here all the evidence and al the 
arguments against the Darwinisn explenation, whieh 
Weismann carried to ite logical extreme, Without 
denying that the struggle for life end the natural selection 
Which follows from it are responsible for elimination toa cer 
tain extent, these proofs and these anguments reveal the 
cvompletcinsuficiency of Darwinism asa cingle explanation 
of phylogenetic evelution. And when, above all, we ore 
dealing with complex end co-ordinated morphclogical 
sdaptations—by far the most mumerous—which would 
involve the hazardous encounter of a lenge namber af 

ecb te mas: 
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pasticolar modifcatioas ll fortsitomly assembled 
at 2 gives moment, in one end the save individual, 
the aboolute insuffcieacy of this explanation becomes 
aringly spynent. 

“These arguments and many others show, {n hoc, the 
inconsiateacy af the Darwician theory with regard to the 
‘hiet factor of evelation which it assumes; in other 
words they show the complete impossibility of imputing 
the constraction of am enganista lo the mere ply of forwtons 
‘eritions, in which the organian would take 20 active 
past and which would come to it a a git from heaven— 
‘even though this chance play were aided by an incessant, 
sigoroos and mest active seection—ol eatrusting it, at 
it wore, to the casting of a dice, ix which the organisa 
‘woul play only a passive part. For the consttoction of 
an organism means the constration ofa mechanism more 
complicated and more pecfect than our machines, ane 
‘which anuwert a well-defined purpose, and s the complete 
antithnis of procenes left to pure ebance, But again 
on this point we must refer the reader to our work on The 
Inheritance of Acquired Characters, where all theve pconts 
and arguments are put forward and discussed, 

‘We taunt be content to cansider ern ony a few polats 

In the fiat place, enly where eis inveived bas it bees 
toand necessary to resort to natural selection, that i to & 
process totally unknown in the inorganic world, where 80 
Phenomenon calls for any such explanation. This fact 
‘lone, therefore, leads us to place fe ina category apart, 
Sotinct fram that in which pusely physico-chemical 
phenomena are ranged. 

Ts the second place, to postulate natural selection is to 
recognize implicitly the tendency of life to endore and to 
‘propagate itself, to persist t ll cor in its own energetic 
form, ia gush a way a8 to supply the whiing process of 
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natural section with abundant and constantly renewed 
materials, This, ance more, isa characteristic typlcal of 
no form of inorganic eacrgetic activity, each of which is 
‘produced by other forms of energy and transiorms itself 
gain into them, and none of which shows any tendency 
toward seitpropagstion or seli-preservation, even when 
it ia placed in an unfavourable eaviroument. 

‘The Darwinian theory, therefore, which mechanista 
hhave exalted on the score that it alone is capable of 
accounting for the morphological manifestations of the 
‘urpeniveness of life without going outside the sphere of 
‘Physicochemical factors, on « closer exazination end 
quite apart trom its absolute insufficiency, is thown, on. 
‘the contrary, to be wholly based on the presupposition of 
certain properties ia lie wii, in Ubecaselves, differentiate 
4 completely from all the phenomena of the inorganic 
‘world, 

‘But, as we said above, the Darwinian theory primarily 
attempted to explain those phenomena of pre-established 
‘adaptation which are principally morphologéol. At that 
time there was lite oF no Icowledge of physiological 
‘Adaptation, which is even less explicable by the accumtla 
tion of porly fortuitous variations, even though sifted by 
natural selection. And in these physiological phenmmens 
9f preeetablished adaptation the purposive aspect is, if 
ossible, even more prominent. "The orgenism,” waites 
Stetani, “ defes explanation unless we recognize that it 
hhas the power to net and react in accordance with « pur 
ose, power which mechaniem dow aot expain.”! 

‘Thus, for example, if the quantity of carbonic acid in 
he blood passesa certain Git, o that it would be harmful 
+o the organism, special nervous cells situated in the 
respiratory centre react and excite the corespondlng 

1 Ae Satan, St eon te isp 
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susprntory muscles, the shythn of respiration it soctler~ 
ated, the repizations become dseper, and the excess of 
tarbooic acid is expelled, so as to eestablis eqoiliteham 
im the blood. If, as a reslt of hernorrbage, disease oF 
any other cause, the red or white corpuscles disappear or 
are destroyed in great namber, the organism provides Sor 
their replacement by peoducing = greater number thar 
‘ural. No less perfect is Uhe mechanism responsible for 
regulating the intemal temperature of warm-blooded 
animals ; whatever the variations of the extemal temper 
ture, the oxganiam succeeds in keeping the fluctuations 
in its owm temperatare within the limits of some tenths 
of a degren, 

"im these cases” continnes Stefani, “what passes 
tour anderstanding isnot the simple anatomical or physio 
Jogcal facts considered in isolation—the excitation of 
particalar verve, the contraction of a particular muscle, 
the secretion of « particala gand—but their co-ordination, 
in the interests of the cepa." 

Note, im addition, that 20 coxabination of physica 
chemical process i the mafural inorganic world presents 
anything in the least like these pbysiclogica reactions, 
‘wich exabls the organisa lo mainlain elim is aleionary 
Phriclgicat dats in spite of variations which may take 
‘phos in ita environment ; on the contrary, every physico- 
chemical process varies abeays in perfect correspondence 
“with its environment. 

[Nor ls it only the higher organisns which possess this 
Power of sef-egulation; it is een in the lower organisms 
‘to no les a degree a, for example, in relation to osmotic 
Pressure: ” When the osmotic pressure of the environ: 
‘ment changes." Driech writes, many aquatic orgasiets, 
alge and furg’, for example, are capable of modifying 

1 tat Oe 6, 
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by seli-regulation ther own intemal pressure, either by 
changing the permeability of beir skins to salt, or by 
forming within thelr cells substanom which give vse to 
‘an increase or a decrease af theic own preasue.” "This 
ower poseased by cegunioms of maintaining thei marmaal 
‘configuration snd functioning is site ofthe influence of 
berm crcumstanom ic alwaye prema to an astonishing 

Hlere we must point ont that, in the Govt place, our 
observations in the first chapter om the teadency of the 
clementary metabolic proceses te maintain themselves in 
stationary condition explain ipso fect the save tendency 
in the organism as « whole, sioce its entire activity eta 
from the totality ofthe single metabolic eller process; 
and, in the second place, that this inno way diminishes 
‘he ulterior purpsive expect—in addition to that of the 
tendency in itsel'—o the various phywalopical procedures 
by which the organism succeeds in satisfying this tendency, 
inasmuch as the orgasm finde then procedures co- 
ardinated and redy to function as soon a6 occasion 
demands 

Stil more characteristic are the other phencmens of 
pre-established physiological adaptation which appear in 
the fora of functional anticipation, swch a, foe exazape, 
the swelling of the mammary glands in fomale mammals 
before partition, so that they are ready to secrete milk 
48 oon as the child is born. Even if we assume that this 
correlation between pregnancy and the development of 
‘the mammary glands is caused by chemical agents or hor- 
:mones which pass from the wos into the bloc and excite 
the galactogeic activity of the glands, the phenomenon 
loses none ofits purposive aspect, since itis evident that 
‘the hormones in question ane here again only acting as 

1 Dime, of 17D. 
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sere releasing agents forthe gaactogenle activity already 
potentially exiting in the ces of the lactifereus glands. 

TE must ferther be voted thet this co-operation of 
physicochemical agents, which mechaniss resort to in 
‘hese and similar cases to account forthe activation af « 
particlar function, does notin any way explain why these 
hormones and enayeaen come into ection just at the precise 
sameat when their activity ia aacmmary, nor why their 
sctvity atiulate fust that particular function which Ss 
edad at Use moment.“ Moce and more, as phyiology 
has became more scathing in ite study of the function uf 
‘he animal,” Johnstone writes, "hag it sought to explain 
‘the metabolic procemes by ascuming the intervention of 
cenaymes, until the number ofthese substances has become 
legion, and mach of the acigiaal simplicity of the notion 
of ferment-cctivity has been lost. Bot why do not these 
ensymes if they are always present in the tissue, always 
ct? They most be activated, says modern physiology ; 
‘hati, the enzyme really exits inthe Cinues as a*2ym0- 
ten, ora substance which is mot, but which my become, 
fan enzyme; oe they exat a8" zymoid.’ that i, substances 
which appear to be chemically enzymic, bot which most 
‘be activated by "Kinases before they can become fano- 
AHonal.... But why do the inert symaids become activated 
by the kinases just when they are require by the general 
eoonoeiy of the whole organ ?" 

‘All hese functional ctvities which are adapted (o their 
‘end of maintalning the erganm in its nama stationary 
physiological state, o of bringing it buck to tbat state, 
(or of prepazing tin anticipation fr certain othe fetions 
having similar ends, thes assume en appearence analogont 
1o that of the instincts: We ought not,” waites Johor 
fone, to think of diaphragm and lungs apart foc the 

> fohentee, 9f t.op 247- 288 
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movements of these organs, and we 40 not say that the 
first breath drawn by the newly-borm mammal is an 
jnstincive ation, iavalving the se of fuborn bodily tole 
the diaphragm, lmgs, etc. We ongbt aot to thik of 
the lipe and mouth and pharynx of the young baby apart 
from the action of mcking Ube mammae of its mother, 
oat uesaly we say that sis ation isan instinctive ene, 
Whore does the ordinary functioning of am organ end and 
is inatinctoe functioning begin? Ace the caumcalas 
Actions of che lobster, whem it fees is body and append: 
ages trom the carapace during the ect of ede, bstintive 
‘ones? Moat soologises would aay that they are net, any 
‘more than the movements of the maxillipedes in respira 
‘Won are instinctive omes, yet they probably would not 
hesitate tosay that the actos of the sot "lobster ia ging 
Into a rock crevice is catinstve." 

‘This great similarity between phyuilogical finctional 
activities, om the ane hand, and refiexey and instincts—the 
peyehic or servos nature and the purposive or teleological 
duructer of which are generally recoginad—on the 
ther, this paming by laseasble degrees from ae t9 
the other, argue, therefore, in favour of the mervous 
nature and purpotive character of physiological proces 
in general, and consequently aguit the cschanist thsin 
sccoeding’ to which it would be peauible to give an 
exuively physicochemical explanation of them 


‘But though the refexes and instincts could feom certain 
points of view equally well be dealt with in this chapter on 
the morphological and physiological phenomena of pre- 
entablished adaptation, yet, because of thei apecal nature 
‘properly so-called, it seems preferabie to speak of them 
pang id, 9286, 
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later in s separate chapter, after the examination of the 
Dehavlour of the Jower organisms. 

‘We wil, therefore, confine ourselves here to a résumé af 
‘the matter which bas been the subject of this chapter and 
the conclusions which emerge. 

1. The marphological phenomens of pre-adaptation 
0 enviranment have» purpodve character, which mo 
‘object of the natural inorganic werld, so long as It 
‘has mat been touche! by the hand of man, por 


2, The anticipating co-erdination which exists between, 
‘the diferent parts of the organise, even before they have 
‘begun to function, and which is in such close celation to 
‘their furare functioning ; the co-ordiaation which existy 
DDetween all the means of attack and defence with 
‘which organisms are furnished, even before their 
erugple for existence begits ; finally, all the other siilar 
steactural co-ordinations which exist in amticipation of 
futurn ctivitien—all these co-ordinations have a strongly 
‘marked purposive aspect and are peculiar and exclusive 
manifestations of lite 

3. With regard to every element or organ or function 
cof the organism the question : of what wse is or bas it 
been? can always be put Such a question can never 
ior ever has been asked with regard to any elemeat, body 
fr process of the natural inorganic world, so Jong as it has 
semained untouched by man. 

4 The Darwinian explanation, which entrusts to a 
‘geme of chance, in which the oeganiom preserves aa aloof 
‘and passive attitade, the construction of this sare organ- 
fm {that i, the production of « phencmenon which ia the 
Absolute antithesis of phenomena actually produced by 
chance), roves itself entirely inoepabie of accounting for 
even the morphological phecomena of pre-etablished 
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adsptation for the explaxation of which t was particularly 
Jntended. 

5 No-caes of objects in the inorganic workd has ever 
given tte to the need for an explanation of the Darwinian 
Aype: we can, therefore, say that itis in sel an implict 
recoguitioa of the peculiar nature of the phenomena of 
Tile.” At the same time it explicitly assumes that life has 
certain characteristics which in themselves are sufficient 
‘distinguish it trom all processes ofthe natural inargunie 
world, 

6. If we pass from the morphological to the physi- 
logical phenomena of pre-established adaptation we see 
that the tendency of the organism, as revealed by these 
‘henomena, tomaintain itself ina stationary physiological 
state is shared by no natural physico-<hemical process, 
‘We saw above that the sazme can be sa of the analogous 
tendency in the elementary metabolic process, of which 
that of the whole organism is only a direct consequence, 
‘This tendency, which is inherent in even the most element- 
ary phenomenon of life, defies any Darwinian explanation, 
Jn addition there is the fact that the physiclagkal prooed- 
‘ures by which the organism is able to satsly this tendency 
are co-ordinated and ready to function even before the 
need for ther arises. 

7. The physico-chemical explanations of the production 
ata piven moment ofa particular process of self-regulation 
cor functional anticipation are completely unable to explain 
either the entry into action, always and only atthe precise 
moment at which it i requited, ofa given chemicalageat, 
(x the purposive aspect of these chemically produced 
procesees. 

8. The purposive sspect of these processes is 90 
‘pronounced that the physiological functioning of the 
ferent organs merges insenstly into the instincts 
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‘themselves, the purposive charscter of which an one can 
doubt, snd in such a manner that iis often impossible 
‘to may in which of the two categories a process belongs. 

‘Faced by these facts we must coce ware ask whether 
it i in accordance with @ true scientise spint to farce 
‘them at all coets—either by misrepresenting them or by 
allowing prejudice to blind our eyes to their fundamental 
characteristies—into a category which is alien to their 
‘very mature. I8 It not preferable to try to work out a 
‘ew explanation in the light of thir special characteristics, 
‘and one whlch, above al, whall sccount for that purposive 
aspect which chiefly distinguiebes them from the exeu- 
tially non-teleotogical processes of the satoral inorganic 
world ? 

‘The explanation of the facts of pre-established aduptar 
‘Hon is ix part implicit, ax the reader bas probably seen 
for himsell, in the oe which we have suggested for the 
phenomena of catogenatic development and the team 
ritaion of acquired characters. All these merphological 
‘and physicogical phenomena of pre-established adapte. 
ton are, it is evident, bat che simpie reproductions, by 
way of hereditary tranmmision, of morptiologcal and 
physiological phenamena of new adaptation which have 
previously appeared in the course of phylogenetic evelu- 
‘oa. Hence in order to explain the former we have oow 
‘only to explsin the phenomena of new adaptation. To 
‘thie the following chapter will be devoted. 





theory of section in their atterapt to find an explanation 
“=the purpodveness of the morphological wad pbyaior 
logical phenomena of new adaptation seems to zany people 
log evident. Tt has even bees denied by meckanists 
Yo being these pheomeas into the usual 
‘categories of the natural inorganic worid, jn which every 
Dhysco-chemical procese always enters into equilbriom 
‘with anw chergetc envitoamentsl conditions as they 
aise, 

‘But © purposive sspect subsists io these phecomena 
‘of new adsplatian, for they all have directly or indirectly 
‘he stage coraman end which we bave so feqoently insisted 
pon amaly, Be stinary sts of some Poca 
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process. They achieve this end either by restoring, with 
4 minimum of accessory modifications—transitery of 
permanest—the old stationary state which tas been 
disturbed by the new exvironmest or agent; or ee, 
‘whea this restoration is no longer possibi, by settling into 
ss new physiclogical state, which nits hm i loo cationery. 
1K soenns as ifthe vital process cannot coatinwe anless it 
‘succeeds, sonner or ater, in ene way ot another, in aquir~ 
Ing ce re-acquiring physilogical invariance of scane Kind. 

‘On the contrary, nothing of this king takes place in the 
Phryico-chemieal processes of the natural inorganic world, 
‘whieh, though they continually place themselves in equil- 
brium with new environmental energetic condition’ as 
they change, wever tend spontenconsly, that ia without 
being prepared for this by mar, to place themselves in a 
‘atiouary energetic state, nor strive to keep themselves 
i such a state, when disturbing agents intervene, either 
bby exceping from these agents or by neutralizing them, 
for adopt a new stationary energetic state when the 
carter one cannot be restored in any way. The sare 
boervations apply here as were made with reerence to 
‘the mme tendency shown by metabolism, the most 
ementary and the mest general vital pbenomencn, to 
saintain energetic invariance. 

‘Am uneveceeful attempt has been made, as we have 
‘en, to explain the purposive aspect of prewstablished 
Adaptation by means of the Darwinian theory of natural 
selection; but a similar attempt to explain in this way the 
{acalty for adaptation to new enviconmental conditions, 
Ad 90 to account for its purposive spect, cannot even be 
dared, Wehave bers, infact, to explain not such or ch 
ppticolar form of adaptation which some species has 
‘gradually ansamed in the past, but the faculty of adapter 
ton itsel which is inherent is life. And to explain life 
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wwe can hardly bring in the stragele for life which pee- 
supposes Life Itself 

‘Thus in dealing with this faculty of new adaptation 
with its strongly marked purposive characte, the extreane 
smechanists find themselves driven from thee last refuge of 
Darwinism. 

Undeniable evidence of the purposive aspect of this 
faculty of new adaptation is to be found in the facts ia 
which itis demonstrated. And, be it nated, we are not 
speaking for the moment of the phenomena of fight oF 
twiharavel, when the organiam strives to excoe rom the 
new environment or disturbing agent, or in otber words 
of the movements of animals, which we shal consider in 
another chapter: for inasmuch as these tend to romene 
‘the animal from the disturbing factor or to reestablish the 
ld enviroument. they form a category sui gveris of 
phenomena of adaptation to changed. enviroumental 
Conditions, the purporiveness of which is 0 evident that 
the mere Wea of denying itis inconceivable, 

But, thoogb les obvions, the perposivenes of the two 
clasues of new adaptation, n the strict sense ofthe word, 
‘which we are going reply to deal with in this chapter, 
{s none the less undeniable. In the fist of these classes 
fare included the phenomens of defewce agus the disturb 
{ng agent, that is phenomena which sek to shater the vital 
‘proceds ior this agent ; in the second, ae included those 
‘by which the organism rearalises this ageat or even sweeps 
it into the vital process itself and thos makes tt part of 
‘he new stationary state. 

‘To the frst category belong, for example, all the deleas- 
ve substances o€ structures which every living cell pro- 
dace to protect its vital process against the action of the 
sturbing agect 

‘Tas, under too intense soler light which is injurious 
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> protopiaam the skin dickens in defence: “ Strong 
light," says Conklin, and expecially light of abort wave 
engtha such as ultre-vilet, ie very injurious to proto- 
plasms, ond when the skin of white persons io exposed to 
‘such Hight the living cells sufer* abun.” But another 
remat of wuch expossce is that the sido becomes more 
Aeaply pigmented or "tanned and this oreen of pigment 
serves to protect the living cells rom the injurious rays."* 

1a tha same way, the thickening of axial sla is merely 
4 simple means for defending the protoplasm against 
‘eternal agents which tnd to consume if or are destructive 
‘or harmful in some other way: " Moderete fiction and 
Pressure on the skin,” continees Conklin, “instead of 
‘wearing it thin, leads to the thickening of the epidermis 
and the formation of calcsitis by which the deeper lying 
arts are protected. A similar result follows the applica= 
‘on of various chemicals to the skin."* 

‘Agus, special new structures are formed as maans of 
revistance to pressures or tractions which threaten the 
cantinvanon of the vital proces, or as ebtaces to the 
‘Prodoction at processes which might disturb the stationary 
Physiological state. Boces which have been wrongly 
fet, for instance, change ther structure and develop at 
‘the points which wil henceforth be mbjocted toa greater 
Pressure (a preatre which wood osctainly distarb the 
vital processes going on inthe soft protoplasm and which 
right Gnally become fatal for this protoplasm) character- 
Inte thickenings, formed by the deposting of osseous 
substance and making 2 solid framework protecting the 
ving substance contained within. Similarly, if the 
‘weight of certain fruits is artcially increased, thei otalks, 
Which are subjected to a stronger traction, receive addi 
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‘onal strengthening. The epidemnis of the leaves of a 
plant transported inta a new climate which is too hot and 
‘dry becomes thicker and thas more impermeable to eveper- 
ation. “A very great number of vegetable or snimal 
lanuen,” obnerves Driech, “ possess the property of being 
determined, as to the degree and the modalities of thelr 
evelopment, by the intensity and the specinc nature (for 
instance, by the direction) of this function : tbe boocs od 
the conjunctive tismes adjast their structures to the 
icection of the preanure of traction 49 which they are 
subjected; in plants the intersity of transpirstion 
Infvences the development of the epidermis and the 
canductive venels; they may also, up to a certain point, 
‘provent themelves from being bent down by regulating 
in a corresponding manner the development of their 
‘mechanical tiaes.”* 

‘All these faets and innumerable others with which every= 
‘ne is acquainted show how the disturbing action of 
certain agents is transformed, by the very fact that itis 
‘Uisturbing, into a genuine trophic action forthe substances 
and atructutes whose faneticn it is to defend particular 
arte of the ocgunitea against sich distorting agents. 

‘Nothing comperable occurs in the physico-chemical 
processes of the eatural inorganic werd. They never 
produce mobetances for ensuring their own defance—thnt 
4, "foc the purpose of ” keeping them in their unvarying 
‘energetic activity. Very difterently from the Bving 
substance, physico-chemical processes, when exposed to 
new environmental conditions, simply transform them- 
falves, and. as it wore mresistingly, into new forms of 
exergy or into cew variants of their present form of ergy, 
fo as te re-establish equillium between them end the 
changed conditions of the environment. 

Daim shal Be 








SA PURPOSIVENESS OF VITAL PEENOMENA 

“We can characteise protoplasrs,” Lilie writes, “asa 
regula chemical sytem, of soch a kind that disturbance 
‘of the normal structure or campasttion at once determines 
camshrction or reparabioe processes that tend to restore the 
‘normal conditin."* 

‘No plapsico-chemica) process ja the satura! inorganic 
‘world appears to be regulated in this fashion; and 
further, the very word ‘disturbence’ is without 
meaning Uf it s applied (o any of these processes 
‘ot ane of their conditions can be described as being 
normal’ or ‘abnoemsl”; asd they do not ofler & 
ingle example of such reparstion of restoration of a 
portal state. 

rom these cases of defen, whether external o sterol, 
sgainst disturbing agents, in which the adaptation conalsts 
{or the mest pact in protecting'the vital process from the 
disturbing agent, we pes to what can be called the 
physiological processes of aitack aguiast the disturbing 
agent itself, processes. whote "purpese,’ that is 
to my, efiect, is to neateaize it or to render it 
incapable in some way or otber of continuing to be 
Ajorioes, 

‘The classical experiments of Dallinger and Davenport, 
{or instance, on the acclimatization of the lower organisms 
have proved that imiusoria can be gradually accustomed 
to endure successively higher temperatures, 9 that they 
fan live in temperatares which would bill e. similar 
‘organism which bad not been seclimatiaed. Similarly 
‘it is posible gradoally to accustom fresh water amaba 
‘and infosoria to live in water of 2 degree of salinity which 
‘would at first Rave destroyed them. And it seemé as if 
‘hia adaptation is caused by the prodoction of new sub- 
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stances which are able to absorb the exces of beat of to 
neutralize the actin of the salts! 

‘Adaptation to certain mineral substances which are 
peinona for the normal organiem a less typical. Even 
rmoce remarkable,” writes Conkiin, "are the adaptations 
‘that orguniams show to certain poisons, if these poisons 
x0 given Sa graded doses to chat the organs soquires 2 
tolerance for them, Such tolerance may be aoguized to 
a limited extent foe vielent mineral poisons, soch ag 
cocrorive sublimate, as Davenport showed in the case of 
Paramecium. It ig alsa known that boman beingn, 33 
wall as other organisrs, may aoquire tlerance for arsenic 
‘and arvenial compounds."* 

‘Thia adaptation is sill more characteristic in cases 
where it can be shown to be doe to the fabrication of 
‘anti-bodies or antitoxins by the cell whic are designed 
‘entaliae the action of the poison: “It i certain, 
continves Conklin, “that the ancestors of the guinea 
which is a native of South America, could never bave had 
any experience with the venom of the cobra, a native of 
India; ond yet the guinea-pig can form an anti-body 
aguinet cobea venoss, and for every particular kind of 
venom its own particular antibody." Each kind of 
toxin Jeads thus to the formation of « specific antibody, 
which serves as an antidote for that poison, Many of 
‘hate toxins are complex and highly specific substances, 
‘and yet the living organism, if given suficient time, can 
sake a specific antidote for exch particular kindof toxin’ 

Eves Boh, vigorocs enti-vitelist though bets, writes 
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The organism defimds sacf aguinat every invasion of 
foreign bodies which may disearb the harmony of exchanges 
by producing ferments suited to each particular case.” 

"Foc every toxin whichis introduced into the organigm 
the latter retaliate with a corresponding and specific 
‘antitaxn,"-—" The inteodaction of an alien substance into 
‘as onan cases the more oF leas rapid formation of an 
oppaning wbstnnce to counteract its effets. The presence 
cof a polsan feds the organism to respand by producing 
a counter-poeon 

tin evident thatthe formation of pigments as means 
of defence nguinst solar rays, the production of callous 
nbetances 3 x means of defeoce aguinst the mechanica. 
‘ctl of wase, the producticn of ati-bodiesas a means of 
defence agpiast polsons—in short the formation of new 
sobstances which are so many means of organic adaptation 
to changes in the enviroument—have ane and the sane 
end, vi, to pentect the organism againtt the disturbing 
Agent or to neutralize this sgeat or to involve in the vital 
process, ad v0 to alow the organism, or any one of its 
parts and particularly those whic are most directly 
concerned, to re-enter a stationary physiological state, 
cither the one which existed before or a new one. 

‘Tana! and Lugaro, who are both extreme mechan. 
fate, write: “To react meant to adapt ourselves, either 
momentarily ot permanent, to new fectors, sometimes 
‘ephemeral, sometimes lasting, which are soodifying the 
conditlans in which we live. Every reaction is, therefore, 
simply « change which is necessary ond advantageons forthe 
continaance of life.” Tt would sexm that they do not realize 
‘that bo speaking in this way they are endowing life with a 
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very special character and are clearly recogusing that 
fn each’of these reactions it 16 pursuing the single and 
‘unique ‘ purpose of is omm cousreation, It is this 
characteristic which distinguishes it from the while of 
‘the natsral inorgunie world. 

‘Whence does the living substance derive this marvellous 
property of persistence, this capacity for defensive reaction 
agus all that threatens or disturbs it, a peoperty 
which, we repeat, s0 cheadly diferentiates it from brute 
satter? 

“Here again it is evident, as we have already seen in the 
‘previous chapter, thatthe tendency ofthe living orgasm 
‘ar whole to remain in or enter a stationary phystalogcal 
<ondition—preferabhy the one in which it was before it 
waa disturbed, or, if tt is kmpoasble, some other—ellows 
directly from the same tendency which is seen in every 
single celular soetabalism, the coost elementary and 
general vital proces Living protoplas, disturbed in 
its normal metabolian har no rest until it succeeds in 
reestablishing the old of in producing a new stationary 
metabolic process; that is: as an inevitable consequence 
of losing its dynamic staticaazity the metabolic proc 
amen rapidly, almost viokatly, and withoot ceasing, 
throng nuccessive assimiative and dissimilative phases, 
all ferent from each other, with a exresponding chaotic 
production of diferent sobstances, til among these it 
fortuitously produces ove capable ether of seutrallcing 
he disturbing agent ox of Bringing about a new stationary 
‘ctabotiam, which inclodes among its elements this very 
‘agent, which thus ceases to be a distarber. With this 
return to a stationary metabolic state, whether it & the 
‘ld one or a new ove, that is with the re-establishment of 
an unvarying process, the continsoes production of new 
tribstances ceases ipso facto, cd a that continue isthe 
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‘production of the substance which satooeded In bringing 
the organism back to « wationary stats. 

‘Wo shall find i profitable to exumine thie point mare 
cloudy, We saw tx considering metabolism that the 
trubstance which is destroyed in each of the disimilative 
phase ofthe esetaboic process tends to reooatruct itself, 
both qualitatively and quantitatively, daring the immedi- 
ately suconeding amiilative phates, I i the excitation 
tor the nervous discharge itself, which is produced in the 
auclus at the moment and as a consequence of the 
cexplorive process of dimimdation, which tends later, 
during the teomd plage (ar eximilative phase) of the 
‘onaintng intrarnoclear éischarge of nervous energy, to 
reprodace, in accordance with our hypothesis of specific 
ecumulation, the very substance, identi in quality 
and quantity, whose decomposition previously gave rie 
to this tame excitatios or nervous discharge. This tea~ 
Geney to reprodnes enacty, in ¢ eecond phase, the sub- 
stance which bas been destroyed daring the preceding 
‘pluase, constitutes the tendency of the metabolic rocess 
to remain ina stationary state, as  oumber of writers, 
‘and particularly Hering, have pointed out 

‘Now let us snppose that some disturbing lactor inte. 
ferex im such a stable metaboke proses: 4 poison, for 
instance, by decomposing or transforming or attracting 
to itself some of the indupensable atomic groupe ia the 
nutritive Liquid, prevents the substance which has just 
ben destroyed from being reconstituted as it wotld have 
teen if the metabolic process had aot been disturbed 
The suconading phases of diminalatcn and assimilation 
will stl continoe, but cach assimiative phase will no 
longer roprodace the identical substance which has been 
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decomposed during the previous discimilative phase, 
‘nce the components of this substance, having. boon 
decomposed ar transformed or attracted by the interfering 
poison, wil 0 longer be found in the mutsitive uid. The 
result iz that each succeeding dissimiative phase will 
differ in quality and in quantity from the immadiataly 
preceding one; hence there arises a series of dasiative 
[Phases all diferent from one ancther, which will give cae 
‘to the disordered production of incessantly new materials 
Bat as soon es there appears among these substances one 
‘which ll enable either directly or indirectly, stationary 
metabolic state to be re-established, one, that is to say, 
which creates conditions such that the esirelative phase 
following iraediately upon the dissimilative phase which 
hs produced this snbstance becomes once more identical, 
fn the contrary direction, with this Inst dissimilative 
phase, then this stationary metabolic state will straight- 
way be restored. This leads ipso fact to a halt in the 
production of those disimilative phases which were all 
Ailferent from one another and which gave rise to the 
incessant formation of new and varying euaterials, To 
heir place wil succeed identical disimiletive phases 
which will continue to reproduce this subetance--the 
antibody which neutralized the disturbing effect of the 
ppolson—as that which forteitously muoceeded in bring: 
ing the mietabolle process back to a new stationery 
sate 

1 thos ceases to be # mystoy “why & particular toxin 
always causes the formation of ts one appropriate anti- 
tenia.” 

Bt thi mystery is ipeled only if ti recognized thet 
the mataboliz process tends in all cases to settle into © 
stationary state. And it cannot teo often be repeated 
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that no physice-chemical process in the natural inerganle 
‘word shows this tendancy. 

Immunization, which is due to the production of anti- 
‘toxin in exces ofthe quantities strictly necessary, becomes 
equally comprehensible: “When the organiam reacts 
‘against microbes which aze poisoning it by the production 
of antidotes,” writes Grasi, “it does not confine itself to 
Producing only the quantity which is strictly necessary, 
‘but goes beyond that limit and forms an excess, and man 
‘can make use of this excess in peeparing the sara which he 
‘employs agsinat mcrobes’"* 

‘Delesch in his tara weltes: “In the formation of anti 
‘toxins the organism ponsesses a faculty which is primarily 
important a1 a means of regulation: it reacts to the 
‘majority of animal and vegetable poisons by producing, in 
‘exces, & counter-poizon, Inmasuzization ia based on this 
fact. 

Now this overprodactian of antitoxin, in which the 
jeumunisation of the organista even for the future and the 
Powibiity of the curative application of era to other 
organisms have theie origin, is the direct consequence of 
the fact that after the chaotic ellots of the disturbed 
metabolic process bave calminated in the fortuitous pro- 
doction of tha antitoxin which in able to ce-establith a 
stationary state, the production of this antitoxin continues 
during all the succeeding dissimilative phases which are 
now all identical again. 

The famovs vir medicainis satura, whose pronounced 
purposive and providential character hat arcased the 
‘edmiration of a0 many bialogiss, springs thus from this 
‘very tendeney of the metabolic process (o free itself fram 
or neutralise the eBects of any foceign and unaccastomed 








5G Geum Le Vite Cts tow oe a, Pe 
+ Bech op a pt 


PHENOMENA OF NEW ADAPTATION Gr 


agent, expecially fit be of a pathogenic nature, which is 
disturbing it, and wo to e-enter the old or a new stationary 
state. As Grassi writes: “If pathogenic exierobes invade 
‘our organiam it veeks by its own efforts and without our 
knowledge to produce substances which either destroy 
the polson secreted by the microbes, oF kil che germs, oF 
prevent the production of them, or finally destroy their 
Virulence without injuring their vitality. Thus the 
organism acts at the same time a3 ite own doctor and its 
‘own very skilful eemist."* 

Nothing similar to this ever occurs in any physico- 
chertcal process of the matural inorganic word, where 
concepts such a9" injurious agent, disease,” or ' eal: 
ing force" do not exist and would be meaningless; for 
‘aU these concepts, and especially the last, imply an activity 
of resistance to disturbing agents, which is absolutely 
‘wanting in noe-tving matter. 

To recapitulate, we can say that following upon the 
Introduction ofa dsturbiog clement to which the organism 
has "go adapt itself," there comes a phase of metabolic 
‘instability of indefinite doration and characterized by an 
“ qeersproduction of reactions,” and of these the only one 
which persists and becomes the swnled reaction is that 
‘which has fortuitously succeeded io bringing the metabolic 
Process to a new stationary state, 

This process has been compared, and with good reagoas 
‘rors oertain points of view, by Conklin and Zur Strassen 
Oy the latter under the name of “ over-prodaction of 
‘ppottecities") to the over-produetion of movements and 
+0 the proccss of “trial and errar.” by which the majority 
of behaviourist, and especially Jennings, have cought t0 
‘explain those adapted movements ofboth higher and lower 
organisms which we shall eaamine in the next chapter, 

+6 mt ils 38 
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‘a che case we have Deca considering, Hs 2 question of 8 
Paylologiea process of trial and evar on the put of 
retaboliam which ties by all reane to escape toms ita 
ante of iotaility into one of enegetic invariance, 

‘a otber words, the tendency imberent ta every vital 
‘process, whether simple or complex, to remain in or enter 
A satiouary eaegetic state in expreaed in the election * 
that is in the transformation of the fortuitous into the 
Dermaneat—of those conditions, external and inter), 
‘which wake posible the penitence or restoration of 
Physologkal stability 

‘This explanation wil eqeaily account for other peculiar 
‘ties of the metabolic process of new adaptation. The 
feverishness, for example, which generally accompanies: 
metabolic instability throughout its undefined daration, 
can be explained if our Bypothess is accepted, a8 the 
remult of the fact that tbe heat-producing, disintegrating 
‘Prooeocs of each dlsiouating pliase geedeminate over 
the reintegrating processes, characterized by the absorp- 
tion of beat, af the succeeding assimilstive phase, Hence, 
the mck person experiences @ cise in temperature which 
‘persists until the restoration of qualitative and quantita- 
tive identity between the ddntegrating and reitegra 
proces canes the residual exces of beat to disappear: 
“Tei known,” says Conn, that immunity to bacterial 
or other toxins is not acquited immediately tut only 
Aiter a cxtis lapae of time, daring which physctogical 
procenes are more or less dintarbed ; there ix eqoently 
fm eres of dertructive metabalien, the body tcapart- 
fre ries, and there are other abnormal conditions, 
Fever, say Adami and McCcea, is the process of adaptation 
{oaueh tori ageaciea scan be sestrabzed by the evelop- 
ment of sntiodie."* 
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“The explanation which we have given above of the 
Inhermt nature ofthe process of adaptation also accounts 
for the specialization of fanctions and the dlvision of 
labour which have gradsally been produced in the diferent 
‘arts ofthe ongazism in the course of phylogenetic evals- 
lon, A disturbing agent which is capable of affecting 
the whole orgasism, for example, a toxic antigen, of 
tome waste product of certain troes which exerts a toxie 
or disturbing action on the other tise, circulates in the 
blood and thas exerts an injurious influence on all the 
cells of the organism or on a great part of them—thrown 
the cells of the organism into a state of" uneasiness” and 
“reatiexmess,” which is evinced in the incessant and 
lsordered production of new substances by the metubelic 
‘process which has lost its stationary condition, Now the 
‘oup of cells which by chance frst succeeds in producing 
the required anti-body, either for neutralxing the dsturb> 
‘ing agent or for incorporating and absorbing it in its 
‘metabolle process, thus succeeds in suppresting the 
Aisturbance, not only oa its owa account, but also for 
all the other cells of the organism. By remaining henoe- 
forth in this newly acquired stationary state, whilst all 
‘the other eels bave returned to their old stationary sate, 
the cellular group in question thus assumes permanently 
this new and useful function, with its coresponding 
‘pecialimtion, in relation to the rest of the organist. 

‘We can thus understand, for sxazople, how the function 
of eliminating from the ‘blood certain waste products 
‘which would be harmful to the whole orgenisn came to 
bbe assured by the kidsey, and again how the production 
of various kermonic substances useful for the whole 
organism oc for one of its parts bas been taken over by 
‘the various isternal secretion glands. 

At the seme tine we can see how this specialization of 
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‘fenctions ssoumed by the vations organs, tissues and 
cals, fixing and consolidating itself more and more a3 & 
remut of the continaal increase of specific mneroocie 
sccumulations in the nackei, gradually diminishes the 
facalty of new adaptation pouesed by yong callular 
groupe : for in new adaptation it must be possible for 
ew and diferent specie mnemonic accumulations to be 
depodeed--without hindrance from the strong activity 
of the others or from deficiency of space or autrition—in 
fudkition to those which are already in existence. The 
iminution of the capacity for adaptation, this caused by 
‘the camtant growth of mnemonic accumulations relative 
‘to the various specializations of functions, produces“ old 
sage” in these ergans, tissues and cals and, consequently, 
{in the whole onfaninm formed by them, As a result of 
‘this “ old age,” anc particularly when it has become very 
‘pronounced, the organism ends by losing its aptitude for 
‘adaptation to changes in ita environment, even when they 
fre of the slightest, 20 that eventually the merest trifle 
+ wil cause its death, Minot in particlar endeavoured to 
catabliah the fact that the death of metazos is due to the 
eater differentiation and specialization of their tissues. 
“ Aduitting the immortality of the uniceular erganisms, 
be argues that death i the price metazoa pay (or the 
Iigher diflerentintion of their calls 


In conclusion let us summarize the facte and conelder- 
ations bronght forward in this chapter. 

1, The phenomena of adaptation to new environmental 
conditions possess & common purposive aspect; further, 
‘they all have one and the same and : vie, the maintenance 
cr the re-establishment of a stationary state for the 
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pactular or general phypiclogical process affected by 
the change. Nothing in the natural inorganic world 
posseusea anything remotely reembling this tendency, 20 
Tang as ti free from man’s interference. 

4. The Darwinian theary of eatural selection which 
Jus been pat forward, though unsoccessfaly, as an 
explanation of the purposive aspect of the phenemena of 
preesteblished adaptation, cannot even begin to explain 
the faculty of new adaptation which ‘s inherent in ie 

3. Nophysio-chemical proces in the natural inorganic 
warld makes any approach tothe peedction of substances 
lor tructure for the parpose of ts own * defence,’ repar- 
‘tion "restoration," or“ lnwmanization 

4 Above all in non-living matter we see nothing 
reoemnbling the process by which the prevence of « parties 
lar toxin causes the production of the corresponding anti 
toxin, and of only that particular antitoxin which is able 
to ntutralie the toxin oc to destroy or render harmles 
the elerent bacteria 

5. Thera ia no process in the natural inorganic woeld 
to which we can apply the words ‘injurious agent,’ 
* poison,’ * disease,’ ee, ever less, the phrase « ‘sal 
Teaing force” inherent io the process tect. When 
applied to the matural inorganic world these concepts ere 
completely rorsningless. 

6. Feverishness, the phenomenon of reaction against 
1armful processes, is equally enknown oatside life. 

7. Nothing similar to the concepts of * function‘ or 
+ division and specialization of loa,” or to the processes 
of ‘agelng" and" death ie sen in brute matter which 
is not animated by the breath, by the rhythmic pulse of 
Be. 

‘With these faces in ming, we must agsin ask whether, 
{nsteaé af closing our eyes before the ost obvious reality 
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and obstinately repeating that the propertien of dead 
matter are suflcent to account for thee of li, isi sot 
more in keeping with a positive method to ty to determine 
‘whet vial phenomena have in comsion and what difer- 
fentiate ther from inorganic matter; i other words, 
it oot more in keeping with positive method to try t0 
explain by some hypothesis apon the pature of the vital 
process the properties common to these plesomena by 
which they are diferentinted from all foorgasic pheno- 

The explanation which we have suggested forthe facts 
rapidly surveyed inthis chapter seems to ubow chat it is 
posebleto venture upon such a hypothesis; and although 
swe cannot certainly sag that i ety explains them al it 
seventeen aan tat the put have an samy, 
‘the search (or « subsidiary hypotbens to explain i 
the ag oe un te cly ene calor ar okey ot 
‘eit reali. 











‘The behaviour of ever the lowest organisms is clearly 
Aiflerentiated from that of brote matter ; the animaleule 
moves by its own inward forees, it is autonomous in ite 
moverments, and so long as itis alive it never abandons 
‘tuelf pastively to the play of external evergis, lie a piece 
of wood let to the mercy of the waves 
Sufficient prpof thet the behaviour of these lowest 
‘orguniams has a distinct and undeniable purposive aspect 
{is aforded by the simple observation that its sole aim is 
to keep the snimal in its optimum environment or restore 
it to it when change intervenes. 
os 
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‘Th, for example, when the infosovian Paremasioms 
is at a temperature of 28 degrees it reacts negatively to 
4: iccrease but wot to © dimination of temperature; 
‘when, om the other and, it is at a temperature of 2 
egress it reacts nagatively to @ diminution but sot to 
an increase of temperature. And, agaiz, Euglene, when 
in a modkeately Bghted ecvironment, reacts negatively 
10-a decrease bot not to aa inereae of lumination while 
‘the opposite happens if it is exponed to a strong igbt* 

Oysters and actiniz when exposed to the air close up— 
‘bebave, that is in such 





Environmental invariance also includes the postion of 
the organisa in relation to the various external forces to 
‘wows infivence it i eubjected, and, in particular, to the 
force of gravity ; hence the tendency to Preserve oF re 
tablish the animal's accustamed seppert or its nocintl 
position, Thus, or example, the ersetba generally dress 
{nits prendopodia whea i comes into contact with inedible 
felid bodies; but iit i taken up fom the bottom of the 
fagaarium and msspended is the middle of the wate, it 
‘extends its peeudopodia in al directions and as toon as 
‘one of them toaches some solid body it attaches felt to 
it, brings its whole body there asd rests upon this new 
support in its accestomed manner. The starfh when 
‘tarued over tres to right itself, that is to mtura to ite 
‘oral eavirerumental conditions in relation to the force 
of gravity. The sctinia Corianthas betuves ia a similar 
‘way: if tis placed bead downwards in a vertical tube of 
‘sea water, it, too, in spite ofthe diftcuties camsed by lack 
of space, begins to try to right itedf and wil often spend 
ore than en hoor befare it msceeds. 

> 6 Jac, Beir oe Lome Orgs, Row York 8, 





BERAVIOUR OF THE LOWER ORGANISMS 69 

Examples of a similar nature could be enumerated 
indefinitely. 

“The mere fact that organises have en optimum environ- 
‘ment substantially éiferentates them irom any physio 
chermical peocess ofthe inocganic world, The expressicn is 
without meaning when applieg to the latter. An iceberg, 
for instance, eoving towards the warm seas of the south, 
shows no signs of anything approaching an ‘avoiding 
reaction "by which it displaye ts preference for remaining 
in cold water 

‘And yet Loeb writes: From a physico-chensical view- 
point... . enviroament cannot affect the living organism 
fand noarliving matter in essentially diferent ways.” 

‘But ifthe effct of eavironment on the living erganitxa 
is no diferent from ite effect on norliving matter, how 
does it corue about that forall Living organisms without 
‘exception, and only for these, there isan optima enviar 
smant which they do all in their powar to preserve? 

‘The attempt made by organisms, even the lowest, to 
svi any change which woald remove them trom their 
‘optiraun—and the optimum eavironment is only that 
‘which is habitual—is, evidently, simply the consequence 
of their tendeney, to which we have Irequently drawn 
attention, to maintain a physiological stationary state, 
from which tendency, 25 wn have seen, their capacity for 
adaptation is also derived. Instead of reacting to the 
Alisturbing agent with the metabolic production of some 
ounter-agent of antibody which might neutralize or 
estoy it, the organisa reacts i this case by aveiding it 
Nuclear discharges aze produced which impart to the 
fibeiis of the protoplasm certain contractions and dix 
‘entions; thase produce oxtain movements in the animal 
and temove it from the disturbing ageat itself or enable 

ten opt p86 
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ie tm some way to avoid the diturbance which the agent 
‘ses in ita envizonmest, 

‘That the two procenes, the metabolic production af 
antibodies and the prodoctian of movements afavoidance, 
oth resulting froze modifcations of the normal clear 
activity of the metabolic proces, are fuadamantaly of 
‘the same nature is proved by the analogy (noticed, a3 we 
Ihave seen, by other writes) between the Pheoornena with 
‘which thede two processes begi. In the one case there 
is an overproduction of ssbuances and inthe otber cue 
a over-production of movements, fllowed in both cased 
by the “telection of the reaction which as been for- 
‘atoutly succeeal, that is by the transformation of a 
transitory into a permanent reaction, 

‘Jennings ia purticslar has observed and described the 
“avoiding reactions" and ‘teal and ter‘ behaviour 
of unicellular and otber Jower organisms ina een asd 
Penetrating manner uncdouded by mechanistic prejudices! 

“Te this unayntematic groping,” says Claparéde when 
comuideing the question of "ial and ever’ “ the 
sehetion of the favourube reaction is mechanically deter 
mined by external ciccumstances: the suroanding 
medium sorts out the reactions and only allows those 
which area to slvethe uation tococtinue."® By thie 
‘he means that tis the environment which selects and fixes 
‘favourable reaction in the seve that whea the chance 
production ofthe latter has restored the enviranmant to 
fas previous sate, then the envirooment, allowing tbe 
retorato the normal physbological sate, by that very fact 
causes the chaotic production of further movements to 
vane. 

Thia system of “tal and enor, however, cy comes 
2H Jets oo 
Be 
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into play when ilaty new distarbing circumstances ase 
‘les the same disturbance bas been repeated severa 
times, mnemonic asociation, 25a reslt of the smemenic 
property of living substance, is etablshed between the 
Initial impression of * sensation ’ produced on the orga- 
fam by the disturbing agent atthe morsest o it inteodoo 
ton and those movements which have enabled it in the 
past to avuid thi agent, Hence these movements can be 
‘produced immediately, without any tentative eflorts, 38 
s00n at the disturbing agent appears. 

‘The anizal thus “learns” to adapt its movements to 
changing external circumstances. 

tis now defintely proved that this mnemonic learning 
‘kes place even in lower organisms which are devoid of & 
fervons system. And we most not forget that by this 
learning the fost awalening of what in the blgher oryar- 
{sms we call ‘inteligence’ is brovght about, “Tha 
‘protozoan Paramacivn,” writes Johnstone, “studied by 
JJenoings, oF the crabs, crayfishes and stasfshes, tadied 
bby Yerkes and others. really lear to perfor actions, but 
his learning is said to be the result of ‘tri and ervar* 
‘The animal tres one series of movements and finds that 

{ails tries another and another with a similar rem, 
fund in the end finds one that i effective. This is remesm- 
bered, and wher the sane problem again contronts the 
Aninoal it is solved ater fewer trials, and finally, after 
experience, the cad-reslt is attained at once without 
previous trials, Now many of what we call truly intell- 
fectual processes are oxrtainly processes of precisely this 
ature"? 

‘The behaviour of the infasorian Stesor, which Jennings 
1 sly deacribes, is typical in this respect. Whea be 
istarbed this infusorian, which was attached by its 

1 Yoeece 9 
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‘peduncle to the bottom of the aquarium, with a constant 
‘low of carmine, be fir observed thet the animal bent to 
ne aide, a8 ta avoid the disturbance. This ‘avoiding 
reaction” was repeated several times, but when it did 
ot sncoeed ta this way ix protecting itselt from the 
dense loud of carmise grains, the animal changed its 
tenction, The eiary movement was revered in direction, 
30 that the particles agninst the disk and in the pouch 
‘were thrown off. This lasted oaly for « moment, and 
‘then the animal returned to its wormal ciliary movement 
4m the same direction 4s before. But when after this the 
(mains of carmine continned fo molest it, the revertal Wa 
repeated two or three times in rapid succession, Failure to 
‘cape from the disturbance being once again the rent the 
tiny organism adopted a new reaction and contracted into 
‘ts tube of mucus, This enabled it to achieve its end, but 
at the cont of taspending its activity and losing all oppor- 
tunity of obtaining food. Hence it remaioed io the tube 
‘aot Jonger than half a minote, and then emerged and 
revumed its ordinary diary movement. But when it 
‘ce moce found itvelf disturbed by the grsios of carmine 
hs animalcais, instad of repecing De frst too sitemphs 
thick had proved tobe useless, namely, bending to one side 
and reversing the current, immediately and without hesite- 
tion revorad to the hid, that is, to withdrawal into its 
tbe, And, faally, when repeated recourse te this third 
reaction proved unavailing the animalcule ceased to extend 
‘tet, fred itself from the bottom by meons of vigorous 
jerks, and swam away to find a new resting place 
‘Whes faced with these typical examples of purposive 
ebaviour in the Lower organisms —and of a behaviour 
‘which profits by experience—it would have been thonght 
‘that extreme mechaaists would, at least in cases of this 
Ht 8 eng Beir of th Lome Oreos 29.174 128 
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category, have admitted that life appears to be eadowed 
‘with special fundamental properties mot pomessed DY 
any physico-chemical process of the inorganic world, 
None of these reveals in fact, snything similar either 10 
the tendency to maintain invariable environmental con 
ditions, or to the machanism of reactions by which the 
conganinm secures invariance in ration to its eaviroament, 
oF tothe process of learning as 2 result of which present 
and future behaviour depend on the enccesen and fares 
cof the past. 

[Nevertheleus certain mechanists, and theze nat the east, 
asthe name of Loeb shows, have attempted in their theory 
cf tropism to give « mechanistic explaaation of the 
behaviour of the lower organisms. But they have only 
sueceeded in giving yet another illustration of the grave 
angers which preconceived ideas invelve and which may 
coven lead to an ently flse presentation of olverved 
facts 
‘The way in which Loeb attempts to explain. the 
Dehaviowr of certain ofthe lower acganims by his theory 
of tropisms is well koown: “It 2 positively beliotropic 
‘animal is truck by Hight from one side, the effect on tension. 
oF exergy production of muscles connected with this eye 
will be such that am automatic turning of the head and 
the whole animal towards the source of light takes place ; 
1s sova a both ayes are Mlaminsted equally the poto- 
bamical reaction velocity wil be the same in bot eyes, 
‘the symmetrical mmcles of the body will work equally 
and the animal wil continue to move in this direction.” 

This explanation cught to be aqualy valid for the 
attraction which artifical ight bas for certain winged 
insect. But, unfortunately for Loeb, mersly an evening 
‘walk in any lighted street wil sepply enough evidence to 

1 hank op 2 38 
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rove that it is quite untroe that insects fy directly 
towards the light of the lamp. They appcoach it obliquely, 
escribe & number of cinces romnd it and then, i their 
‘wings bave not been singed, dy away from it. Wherein 
thin case is the directness of movement towards the 
source of light which we ought to see if Loeb's theory is 
correct ? 

‘And thare aze besides inoumersble other facts to sow 
dow artical and childishly simple isthe explanation of 
‘nual behaviour which Loeb sopports—all the * avoiding 
reactioea" by which infusoria and other lower orgusiems 
‘endeavour to maintain themselves in thetr optim exvir- 
‘oument ; the behaviour of ‘trial and error’ of the lower 
fonganisms, which Jenoings bas described sa well; the 
Debaviour, which we have described above, ofthe intusor- 
‘an Steuar when stirmlated by grains of carmine ; the 
contorted movements and the attempts to escape, which 
Jennings bas described, made by the small amaba 
[partoed by a larger amseba which finally swallowed it; 
the varied strugnles which take place and are wo furiously 
pursued ¢ven among mticeniar organisa in the lowest 
Segroes of the zoological tcale, and which are 1o rich in 
‘unexpected happenings and acts which areas far removed 
1s povsible trom mechanical precision (a, for instance, the 
imrning of & sowurchia by a starfch); the whole 
bebaviour of the higher organisms to which Loeb would 
Presumably not wish to ascribe an essentially diferent 
nature from that ofthe behaviour af the lower organisms ; 
and finally, the afective tendencies and the general con- 
slut of wan which ve shall enamine later (end we presume 
that Loeb would not venture to deny that man also is an 
‘animal). All these facts argue nguinst Locb’s theory of 
opis which, fn substance, places every animal on the 
‘ume level asthe mechanical moase which clldren play 
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with, which, when tis wound up and placed between two 
sails, ran slong contiauslly banging itself against one ade 
oF the ather. In Loeb's explanation tbe two rails are 
represented by the parallel salar rays which, by menns of 
the {atermediary apparatus formed by the nerves and 
rales, kegp the unfortunate acizal, compelled by ite 
internal mechanism always. to go Mindly and aimicsly 
forward, always in the dzection of the source of light, 

Loeb evea tries to reduce the nuptial fight of bees to 
‘the mechanism of a corchanical toy! “Kellogg, has 
shows," be writes, "that the auptia light of the Dees 
‘also a purely beliotopic phesomemoc. When a part of 
the hive remote from the entrance i huminated the beet 
rus tothe light and can thus be prevented from swarming. 
‘These phenomena suggest that the pretence of some 
substance secreted by the sex lands may cause the inten 
Seation of the helicropism which leads to the nuptial 
fig 

‘But ifthe nuptial ight is reduced to such a mechanical 
‘process, all the complex and varied modes of behaviour 
‘which accompany or sucond it cease to be comprehensible 
‘The bees ought (0 go on fying in the direction ofthe san 
‘otil they are completely exhausted, in the same way as 
the clock-work mouse rans along between the rails until 
ita works have rua down. This mechanical mouse can be 
made to go forward when its wound up and kept in the 
propar ditction by the rails, bot we cannot expect 
1 suddeoty to change from a purely mechanical toy into 
a living being and perform actions and cieplay a porpeaive 
behaviour which are tocapable of being explained in any 
‘way by ite mocbanis. 

‘The childshness of Loeb's mechanical explanation 
‘comes apparent as soon as bebaviour begins to be a 

6k af prt 
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Wetle more complicated. And whes, to strengthen it, 
it is supplemented by the hypothesis that ot che required 
moment the tropians stop and are turzed in the opposita 
direction, we have not only a further display of childish 
simplicity ut also an implied retraction of the theory 
fist put foeward. The validty of our eritciems will be 
apparent if the following pamage taken from Locb ia 
careully rend and considered : “It in the positive heir 
‘ropiam of the caterpillar of Porthsia chryoorhas which 
makes them move upward where they 6nd their food, 
‘when the wild air ofthe spring calls them forth form thair 
nest. At the tep of the branch, they come in contact 
‘with @ leaf, and chemical or tactile infences vet the 
mandibles of the young caterpillar into nctvity, .. The 
animal after having eates (and having eaten all the leaves 
at the top of the branch), 0 longer slave othe light, 
Dut can creep in any dicection. . . The sestlesaness which 
fccompanies the condition of tamger makes the «imal 
creep downonrds—which s the oaly disection open toit-— 
where it finds new leaves on which it can feed. The 
“ wonderful hereditary instinct“ upon which the life of 
the animal depends, is thos onty its postive heliotropism 
{nthe uated condition and its las of the hlioteeplam after 
having eaten.”* 

int, belictropic activity which ceases (oot, it must be 
noted, when the animal is completely satisted, bot when 
there are no more leaves at the top of the branch and it 
' stilt hungry), with clciclike peecition, so that the 
animal is always near food when it needs i; then, the 
fact that when in contact with its food t always finds init 
chemical or tactile influences capable of setting ita 
smandibles in motion and of tmmpartng to thenn just those 
movements which exatle the food 2» be introduced inte 

* Lent i, pp ated, 
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the digestive canal; SnaDy, the fart thet al this is the 
outcome of & fortaitoas combisation which quite by 
‘hance results in keeping the animal alive—these are the 
simple facts which to Locb's mind call for no further 
explanation { 

‘And if all animal behaviour cam be explained by the 
mechanical theory of tropioms, what is the attraction 
‘hich the mild air of spring hae for the larve and which 
rakes them come out of their nests ? What is the *rest= 
Jesaness which accompanies the state of hunger? What 
ia the now agent, since in tis case ¢ isnot a question of 
‘tropinms, which causes the animal to move downwards 
‘as soon as it has eaten all the feaves at the top 6f the 
‘wranch ? In short what is it which, at given moment, 
spices the roechanical toy with the breath of life? 

Loch and the other extreme mechanists go wrong in that 
they (ail tosee that here again inthis case of so-called trop- 
fa gives externa stimuli do mat by thay sole action divediy 
and compldaly ddermine Ubese roovements of the organisa. 
‘ind ail their forms; they merely reaass, as a rest of 
‘mucmonle astociatios, tendencies which already potent!- 
ally exist in the organism, and, consequently, the corres- 
‘ponding movements to which these tendeucies give rise; 
‘and these movernents are reproduced in the exact form in 
‘which they bave been fixed in the past 2s a result of a 
longer or shorter period of ‘trial and error,” which, ia ite 
turn, was stiolated by these same tendencies. 

Confusion between the simple acion of reease, performed 
by given external stimuli, of given tendencies and their 
corresponding movements and the direcily detennining 
ction is cared so tar by Loeb that he tries to mechanize 
snd seduce to a matter of tropiams all animal behaviour 
even the most complex, the moet varied and the cost 
‘unforesem, He sees, for exasople, in the acts by which 
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‘tha mate pursies, courts and wins the female only “ com: 
Dinations of chemotropism and stereotropism."* 

Tt Ls almost impossible to conosive of anything mare 
narrow-minded and stubborn than the attitude of ultra- 
nachaclsts such as Loeb, who cleca their eyes to reality 
{im order that they may not ave to abandon theories 
‘which are contzadicted by facts and which are obviously 
fabe! 


Without parsing the question farther we will bring 
this chapter to an end with » summary of the facts and 
considerations we have brovght forward. 

1. The fundamental characteristics of the movements 
of lower ocgunisas bow that these creatures move by 
their own inward forces, that they are autosomous in 
their movements, that they never abandon themasiver 
pasevely, ax brute matter does, to the mere play of 
external energies, but eeact actively to them, 

2. The bebavioar of tbe lower onganisms in ll ita 
aspects hus always the sume ‘sim': the maintenance 
of the animal in its optimum environment. No object 
fof the natura} inorganic world, unkss it hws been 
fashioned by man, gives evidence of anything reseabling 
this tendency. 

The very concept of an optimum environment is 
aeaningles ia so far as physico-chemical processes are 
concerned. They mesely enter into equilibrium with 
changing external conditions, without chowing any prefer- 
ace foe any particular state. 

4-_ No physico-chemical prours of the natural inorganic 
world shows anything remotely similar to the *aveiding 
reactions of the ower organisms 

1 a ik 308, 
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5. Brute matter chows nothing remotely resembling 
the behaviour of "tra? and error’ which is typical af 
these organisms 

6. Tn vo fragment of non-living substance do we see 
anything remotely cevembling behaviour infenoed by 
past experience. 

7. Behaviour which is in flasnced by post experience 
represents the dawn of what, in the higher organims, we 
call intigence. But on the subject of intelligence the 
most pronounced eechanists are the fist to declare (ia 
order to try to retain for thee false thecren a lenat facts 
of « purely physiological order) that it lies completely 
catsie the sphere of phenomena which adinit of a pico 
chemical explanation 

8. The theories of Loeb and others who try to explain 
the behaviour of the lower organisms by comparing it 
with that of mechanical teys are to completely and 
obvioosly at variance with reality that they only serve 
to show the complete blindness which may fall upon even 
‘the most distinguished observers and experimentalists 
when they pertnt in preconceived ideas and theories which 
are extirely contrary to established facts 





‘This aspect isso pronounced that the refleses, perbape. 
‘more thaa any otber manifestation of life, have given 
binlogists the impression that the organism is a‘ machine’ 


are perfectly adjusted so that they work together in com- 
plete co-ordination to pecfarm the functions astigned to 
the whole. 

‘Bot in their somewhat too hasty enthsiasm for thin 
comparison between the play of reflexes and that of the 
parts of a mackine the mechanists have forgotten that 
‘every machine is constructed for a pices ond, and that it 
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presupposes a machaniclan who bax designed and con- 
structed it 

Our theory, however, requires 00 such mechaaician, 
Decanse of the fundamental elementary properties which 
it assumes as belonging exclusively to He, Tn tact, it 
not only takes over the ‘trie! and error’ theory of 
Jennings and the American school ia general to explain 
‘nina bebaviour, but it also penetrates further into the 
inner nature of this behaviour by attributing to the 
‘metabolic process, and consequently to the whol organism, 
4 tendency to preserve its own slationary state, With- 
but this tendency ‘trial and erroc’ behaviour would 
itself remain unexplained, since ‘to try’ implies an end 
tobeattained. The theory is completed by the mnemonic 
property attebuted to all living matter, which fixes in 
‘the respective specific sccomulation the physiological 
activity constituting the trial which has been successful 
and therefore ‘selected,’ and which, by repeated repro- 
duction, finally becomes mechanized in the form of a 
reflex, "Tn this way mechanician, designer and constructor 
of the orgnnisz-rachine are dispensed with. 

‘There is no escaping the dilemma : if we hold that the 
‘organism is a machine in which only physico-chemical 
forces are active, we must then grant Voltaire's * clocks 
tale," who has designed and constructed this delicate 
and perfect mechanism ; or, if we do not wish to grant 
this creator, we must then Bave recourse to some funda- 
mental peopesty of living substance which can take his 
lace. 

‘The tochanists make another mistake in that they 
start from the reflexes, asa basic elementary phenomenon, 
and thea, by compounding them, proceed toam explanation 
of non-mechanized aximal behaviour. But evolution has 
(tavelled in the opposite direction. It is the tendeary to 
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remrve a stationary stats which, together with the other 
‘more ot lese similar efcctive tendencies (to be considered 
in the next chapter), gives rise to the non-cechanised 
process of ' tial and error’ of “ provando ¢ riprovando* 
‘hich the Accademia deb Cimento chose for their motto, 
ot Knowing that the humble infusoria had forestaled 
them in practising it, And it is De sucoesive and 
rograsive muemonic firation of the succestfal tial 
‘which transforms the latter into reflex or a mechanized 

‘On this point Bergson, part fot: hit untenable meta 
pliysloo-vitalistic theories, was pertectiy juttited in his 
critic of Spencer : “By compounding the refx with 
‘the reflex, Spencer thioks he generates nstinet and rational 
‘volition one after the other, He fails to see that the 
specialised refx, being a termina? point of evolution jart 
‘as much a» perfect wil, cannot be supposed at the start." 

“At the lowest degree of the animal sou, in living 
‘beings that ar but an wndiSlrentiated protoplasmic mass, 
‘th reaction to stimolus does not yet exil into play one 
efnite mechanism, es in the rolex; it has not yet choice 
pong several definite mechanisms, ab in the voluntary 
‘act; it is, then, neither voluntary nor reflex, though it 
heralds both’ 

The same boids for the most complex instincts Taey 
arose phylogenetically 28 no-mechanised bebaviows, 
were supported by corresponding afective tendencen, 
‘procemed to gach new stage of their developroent by way 
of repeated trials, profited in each renewed attempt by 
the past experience of the individual and of the species, 
‘were gradually mechanized as the result of mnemonic 
accumulation, and thue finaly became Sxed or crystallized 
‘in the intricate morphological structure of the locomotor 

* cen rte Beatin, L838 3015.5 266 395% 
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apparatus and the nervous system. This strncture, a8 
such, lke every other acquized moephological modification, 
an be transmitted indefinitely to succeeding generations 
‘and th instincts may becom inherited. 

Us may scem nesdless to insist on the purposive aspect 
of instincts, since i is by this Chat eaturlists have been 
‘moet impressed. But although the more complex instincts 
have attracted the most attention, yet ever those which 
omm the simplest exhibit soch a highly purposive cor 
ordination of movements that they appear no lest rarvel- 
lous. Hering, for instance, very rightly quotes the 
apparently simple instinct of the chicken which is able 
{0 peck grains of corn as soon us it comes out of the gg: 
“Without teaitation it picks up the grains which are 
‘thrown to it, This implies that it sees them, and that it 
correctly judges their postion and their distance ; more 
lover, it has to move its head and its limbs with great 
precision, AU these thiogs could not be learned in the 
eamshell."—" The gentie stimulus of the rays which 
proceed from a grin and fall upon the retina of the 
chicken gives rise to the reproduction of & complicated 
series of sensations, pereeptins and motions, which in 
this individual have sever as yet been combined, and 
which, nevertheles, were adjusted from the beginning 
with accuracy and precision, as i the animal itself had 
practised them thousands of times."? 

‘When we leave the simple instincts and pass on to the 
ore coraplex, even the untrained observer eaanot fail 
to see bow closely theic parpesive nature resembles that 
of inteligent actin, in the strict sense : the only differ 
nce being that instincts seem to be already instructed by 
experience, while acts guided by inteligenos have to Fearn 
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from new expecience : “The mest obvious diGerence, 
‘writes Jobmstone, is that the instinctive action i Bective 
‘the very first time it ie performed, while the intelligens 
action only bocomes elective alter it has been attempted 
several times, oe very many times, sccording to ite didi. 
ptr 

But ie of Gelling pon the parposve hace ot 
inoiness, whether simple or complex, we shall find it 
amore profitable to comider their strongly marked 
nemonie nature. 

‘The credit for having insisted on this point In a more 
sugeestive manner than anyone ese falls to Semon. He 
quoted, for example, Claypole's statement that young 
‘ontriches which have been bred in the incabator will only 
pick mp food if the ground oc which itis vattered ia 
fist tapped, And he suggests that ofall the explanations 
‘which have bern gives for this fast by far the mst probable 
fs that which attributes it tothe mnemonic evocation of 
‘an act leart by the specles in the putt and trasmaitted 
‘hereditary to the young ontrich ; the act is ordinarily 
caled forth by the demonstration ot pecking by the 
mother, and in this cave by the tooching of the food with 
the fingernail or a roll ack, this being, from the point 
of wiow of sound produced, an external etimalus very 
similar to that provided by the mother. 

‘The following example (a till more typical: = pan of 
‘water was put in fant of = young mugpie about five week 
‘old wach bad been reared by the observer from the time 
when it yas hatched. Tt made one of two pecks at the 
surface ofthe water, and then, onside the fan, etogh i 
he aid it had never Deon imenersed se wae, it proceed 
‘0 go through ell the gestares which a bird makes after it 
‘has bathed decking its head, Scttering its wings and 
* Jaana, pce a 
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tail, squatting down, and spreading itself oot on the 
rood. “The strangenes of the trd's conduc," Semon 
feczar, becomes intelligible When cegarded in te Hight 
‘of engraninhectance. The stimalus of the soatact with 
rater, slight though it was relative to body area, acted 
exphrially."* 

‘Now the masconie nature of lntints, which is us: 
‘rated tn these and innumerable other exazmples—that is, 
the mnemonic natere of bereditery tranmmission of 
partialar mocphological structure, gradually acquired by 
2 specen through moenonic accumulations deposed 
luring individual ite as a result ofthe repeated psf 
tance of x gle ect—implies the eqaally mnemonic nature 
of hereditary transmission of every other morphological 
‘modification which is abo gradually acquired by the 
‘pecles through mnemonic accumulatioss Sepoited during 
individual fe as result of the repented performance of 
‘single functional adaptation. It is thes sufficient to 
‘explain both the parposiveness of instincts and that of the 
complicated and " rwecamdssg structure of orgasms, 

But, incredible a i may seem, even the parposiventss 
of instincts haa been denied-—for good reasons of their 
own—by extreme mechasists. To explain it eway they 
once atin call in. chemical agest—hormooee—which 
would at once * produce’ dizeetly in all ite partlcdar 
‘modalities each inminctve act. 

"The ea,” writes Loeb, that eheorganiem as a whole 
‘cannot be explained from a physico-chemical viewpoint 
res most strongly on the existence of animal instincts, 
Many of the ‘uitintive actions are prxposetsl’ (hin 
‘uw of inverted commas shows that he himset dose not 
szeept this interpretation), that 1s, asstng to preserve 
‘heindividoal and the mace. Tis again enggers * design’ 

* sats of The ems, $88. FB 7 
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and a datigning “foren’ which we do not find in the 
realm of physics. .... Bot when it can be shown that 
‘these instincts alto may be redased to clementary pbysico- 
chenscal laws the assumption of design becomes wuper- 
‘aous."" 

‘As nina! he fli into the secious ect of confusing the 
Physicochemical agenin which release instinds (simple 
* sepharic' stimuli, as Seman would say) with the factors 
which directly produce and fashion thems. " Jn the curious 
expariment of Steinach on the revert of the sexual 
instincts o the male whose testes had been excbanged for 
covatee,” he writes, there is litle doubt ehat the wxual 
activitios of each sex are determined by specific substances 
formed in the interstitial tone of the ovary and testen* 

(On the contrary itis petfectty clear that this i a case 
cf mee release of instinctive tendencies, Both seta 
cenit potentially inthe organise and ether cam be brought 
‘nto activity according to the eophoric stimuli presente 
Loeb, following this method of reasoning, might ven 
amsert that the sell of seaweed couse the ape of the 
Goll of Naples, although obviously it only releases the 
memory of i 

Ht She coontles acts which go to make up even the 
simplest inatincts—the aplaning of = coonon by & alk- 
‘warm, the construction of 2 boneyearb by bees, the 
bnilaing of a nest by birds—were each caused directly by 
Phytioochemical agents, then © much mote formidable 
tnd inexplicable problems would arise—namely, how can 
the fortuitous play of so may pitysico-chemical agents, 
tach working independently, lad to such co-ordinated 
reaoks and produce sueb 2 definitely purposive aspect ? 
By refusing to accept car hypotbexis that three isin lie 
‘8 walldefined elementary property which dilferentiates 

Sih shel pe asi ase. HS 3284 
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{frum everything ta the isorganle world and which can, 
explain by mnemonic xovsmalation and transmitsion the 
‘ost complicated instincts, mechanists are thus again 
obliged to assume the ‘clock-makar’ of Valtaire in order 
to explain bow such a perfect mechanism came to be 
conceived and constructed. 

‘The matter of this chapter cam, then, be summarized in 
he following propositions: 

1, The parposive aspect of the reexes sso prosoanoed 
‘that they, more than any other manifestation of life, bave 
‘given rise to the impression that the organisin is a 
* cameo.’ 

‘4, The mechanists, however forget that every machine 
Is made for « given end, und that it presupposes a mechan- 
fefan who has designed and constructed it. 

3 We cannot, therefore, eacape the dilemma : ether 
we most grant Voltaire’s “elock-maker,' who is 
responsible for this machine, or hive recone to vome 
fundamental property of life to take his place. 

4. ‘Far from being the basie phenomenon froe which 
we must startin arder to explain noo-mechanisod animal 
‘behaviour, the reflex represents only the gradual mnemonic 
‘ation of a successfel tral which a corresponding affective 
tendency haa dy chance produced aod chosen, We 
cannot, therefore, understand the inner nature of animal 
Pehaviour, unless we understand that of the affective 
tendencies which we shall examine in the next chapter. 

The purposive aspect of even the simplest instineta 
is v0 obvious that we cannot fall to notice it unless we 
allow prejudice to Mind our eyes. 

6. Instincts are of the same asture at intelligont acts, 
‘except that they ara already informed by past axperience 
‘while the latter are not. 

2. For this reason, xd because of the plentiful evidence 
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they fash of Deng cpabie of eine “evoked the 
tnatocs wppent to br of en eneatiay maennaie entre. 

‘2 The mmciinly mcemonie nature ofthe ite 
(Gat i the emonicnatre ofthe proces of heey 
transmsion of the pariclr morphologic! odiicatces 
i pbich they are cystine root of the equally 
‘moronic aw of ae proces beediay trae 
(fine erectur of engin ih i compl, 
to paiecly crocdcated and 0 tween” 

The sttnigt ef extreme mechani to deny the 
‘purposivencss of instincts and to explain them in purely 
Phydorberiod term chews once more the tating 
‘tec, 20 achiev lr acne, of preconceived Hea, 
“ald come tare ce om rl" whet they are ed WI 
os Olympian teperarbalaity whch air serie 
‘or oppoing acs cam eve hake 








hat pasticolar clase of orpanie tendencies which appear 
‘subjectively in man as "needs’ or ‘appetites’ or 
“ dasies," and objectively both in man and animals as 
Honmeshanied movements, completed ot incipient, thea 
1a whole group of affective tendencies, thus defined, can 
be edu tthe se eden! ten of ich 
organism towards * physiological invari 

‘We del wih ts Pint the Best hae of oot 
Peychology of Reasoning, where the maemonic origin and 
ature of affective tendencies are considered, and in our 

* 
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Michonis lecture, beloce the Collage de France, on the 
porpoaiveneasof life, where we took the afcctive tendencies 
4s a starting point. Thes bunger, thint, the dese for 
‘the optimura sovironment, the striving toresume a normal 
position in relation to the force of gravity, the need for 
limination of waste matter which fs harms (othe whole 
conguniam, the sexual fostinet itll and, foally, the 
fnetiact of seitpreservation are bat 29 many pactlcalar 
manifestations of this genera tendency, common to all 
‘organiams from the highest to the lowest, to continue in 
4 stationary physiological rate. 

‘The most varied and complicated askal movesonts of 
approach or withdraval of attack or Aight, of seizing or 
ecting, have all, directly or indirectly, the one exclusive 
‘nd of maintaining ot restoring the normal phytilogical 
invaciabiicy of the patiolar onganism. 

Bat, as we caw in the works we have just quoted, to 
This frat group can be added a second, comprising all the 
meds or appetite ox desires which sping from habit In 
this category comes the craving which i fet for eyroblotlc 
o€ parasitic relationships after they have persisted for & 
cxrtain length of time—as, (oe instance, thove of rather 
‘und child from whieh raternalaection springs, Family 
saflectons in genezal, the ties of friendship, social senti- 
‘wats al the needs we acquire during lifes the result ot 
Aired habits o of some accostamed relation toenvireaeat 
‘nd all the vasious naetaigias (a into the tame gromp, 

We proceeded to distinguish « third and last group— 
that of the derivative end compote fective tenancies 
‘which arise out of those of the two preceding groups, 
ther by alfective transference (fom te whole othe pet, 
from the end to the masns, fa a certain enviressnental 
relation to a part of it, rom a certain object to another 
‘analogous one, and 20 on that is, Ribov's haw of trans: 
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ference}, ox by composition of two or several affective tem 
dencies which come into action simaltaneoutly and which, 
by auocintion, interference, mutual reinforcement or 
pertial inhibition of each other, give rise to = complex 
resultant aflctivity, which, according to the number, 
quality and intensity ofits component elements, is capable 
‘of exhibiting all the infisitely varied and dalcate wuances 
‘which human sentiments can astume, 

Finally, we succeeded in showing that the two fist 
sroupe (of which the third, we repeat, is only a derivative) 
‘are themselves derived from the property of mnemonic 
accamulation which is the fundamental peoperty of all 
living substance, In other words, all the affective ten- 
dencies (which are of ax unquestionably teleological chat- 
acter) are de to the specific accuasulations of correspond. 
‘ng phypiologica) activities, provoked in the past by 
external clecumstanoes. 

‘The fundamental organic affective tendencies, that is 
il of the fir group and some of the second, had thelr 
origin and seat, at Sat inthe soma or in some part of 
Dut as the nervous system developed, and particulaely the 
‘ruin in which all somaticn-visceral activities are reflected, 
‘corresponding eerebeal sents were aided to and eventually 
subatitted for the somatic seata. These purely cerebral 
seats are necessarily widely extended over the grey sub- 
‘stance, in relation to the parts of the toma which they 
reflect. The remaining affective tendancics ofthe arooad 
‘groupas well asthe derivative and consposite tendencies of 
the third, which are of = higher spicitaal order, acquired, 
Aicailarly extended but exclesively cerebral seats. 

This because of their widdy extended seats in the brain 
land because of the correspondingly greater potential 
‘energy which they sepresent that the affective tendencies, 
although in emence they also are pare mnemonic accumu 
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lations, ler so eubstantialiy from stored =p sessery 
‘memories which ore localized cach in a single point of the 
‘ain and have « correspondingly small quantity of pote. 
Aalenergy. Tn the Pryehelagy of Reasoning we showed how 
{important it is to take Sato coosderatcn the great differ- 
‘ences in exteasion of seat and in quantities of potential 
energy ifthe poychological dferences between the play of 
‘lewd mnemonic accumalations, which are purely 
sensory evocntions, and those which canstitute aflective 
‘tendencies are to be understood. 

‘Al these mneroonicoraffective accumalations, therefor, 
represent #0 many nccusnulatioos of potential energy 
‘which, as such, tend to become active. But they are 
‘revented from doing 20 simultaseously by the inhibiting 
Influence which ove exetcbies spon anche, 

From all of them and trom their genera teodency to 
become active arses that tendency trwards the expancton 
‘ond intensification of individual Life which ia typical of 
‘an, who alone armoog animals posessea such a wealth 
tnd ‘vvity of afective accumulations 

‘This cendency i csentially diferent from the tendency 
(0 the expantian of life i general, of which we spoke in & 
revions chapter, which ia stimulated by solar or thermic 
energy. As rut of this external ixpalse the metabolic 
process draws into its vortex an ever larger quantity of 
(brute matter and raigesit to the level of organic substance, 
tects mare expectally upon, and increases the production 
‘of, the germinal entstance which, because of its greater 
Atitonaray and independence from the rest ofthe body, is 
particolaly open to this external energetic ifuence. Asa 
consequence there followsa brightened activity ofthe senal 
{instinct which tends to clminate the germinal substance, 
‘ts suguented, insofar anit isturba the normal sttion- 
sry physiclogical condition of the rganism. In the last 
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analysis, therefore, it eppeazs in the incessant mutipica- 
tion, by generation, of the nomber of individuals, that is 
to say in the increase of population, Thin increase 
inevitably engendecs Darwin's strngzle for existonoe, if 
‘the population of al the species taken together or of any 
articular species exceeds the Tit which is compatible 
‘with envicammentsl covditions. The tendency towards 
expansion of life in general may thas be called pamive, 
fogamach as itis due to an external ienpute ; while the 
‘tendency towards expansion and intensiscation af individ 
‘al fife may be defined as eat, since it depends not 00 
‘external but on internal impeies, consisting of all the 
mnemonico-afective accumulations which, we repeat, 
only man posses in such reat wealth ané variety, 
‘Thos the mom hoxurian forests are found in the Congo, 
Braz, and Ceylon, that is in equatorial regions, whist 
‘the most populous town in the world, the product of 
{everah human activity. i found in the north, in England. 
‘And whilst a single day's intense eat wil cave moxquitors 
‘tomuliply by millon, the intense spiritual if ofa gens, 
‘whether he be scientist or artist, is sdmost wholy inde- 
peatdent of the thermic conditias of Bis enviromnent. 
‘We shall see in Chapter 1X the importance from the 
point of view of socal relationships of this uctive tendency 
towards expansion and intensification of individual life. 
“Therein o need to iaaat here on the fact that we never 
seo anything remotely resembling affective tendencies ix 
‘ruts matter, which, by antonareaia, i called incr. 
Certainly, heavy bodies “tend.” towards the centre of 
‘the earth, two bodies charged with the same positive 
slectricity ‘ tend torepel each other, a fragment of cork 
a similar floating body. when plunged into wate 
“tends” to return to the surface, sit“ tends to rash into 
‘rectum, and two chemical cements with strong muti 
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afSnitiee ‘tend* to combine; but to explain these 
inorgaie phenomene of impolsion or attraction or repul- 
sion the physico-chemist bas formalated the hypothe 
{Which i consrmed by the agreement betweea his dedsc- 
‘ons and cbuerved facts} that shocks are produced between, 
‘he respective bodies er that there are external forotuin the 
lntervenig medium which cause these bodies to clash, to 
attract or repo enchotber and to which hey yialé passively, 
nthe alive tendencies, on the other hand, whether of 
anirals or of ma, it is lar that the forces art snlernal 
‘anda certuio eapects indepeodent of external forces or, 
at leas, autonomous with regard to them, 

Hane the adivity and spontanaly of mocement in the 
‘behaviour of vig Benge in dinmetzical opposition to the 
‘Pasrieness and inaria of inanimate matter. 

Hence, too, the fact at whist we know enactly how 
‘nargani proceses wi behave if we ere acquainted with 
‘the exteral forces at work, wexpectedness is, on the 
contrary, characteris of animal Bebaviour in o far as 
ft a mot mechanized in refines and intinets but ia detar- 
rained by the afective tendencies. This uoexpectedoess 
is ut, inthe ist place tothe great munber and variety of 
the aecive tendencies, since the mode of behaviour 
Gepende upon the activation of oat or other of the ten 
encies which cannot always be determined beforehand ; 
‘ud, in the second place, it is de tothe tact that even if 
‘he end of any particular eflective tendency which has been 
called into play i detersied the moans which the animal 
‘ill adopt to achieve that end when it inde ite ina new 
situation, all rsain double; for dae chcice may be 
fortuitous ard dependent on tbe purely accidental reslt 
of a series of "trial and erors” which the afletive 
tendency in question has etnmlated 

(Nor need we devote moch time to showing how extreme 
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mechanists have failed to suggest the slightest explacation 
‘of these indubitably purposive anifetations, but bave 
confined themeelvesto = decal of the existence of aflective 
‘tendencies, in animals, by ediscing their whole behavionr 
to a complicated play of tropisms, while, #3 far as man is 
‘concerned, they have dibmisied them and al other facts 
pertaining to the mind as falling outside their sphere. 
‘This was, in their opinion, the only hope of saving their 
‘point of view, because it was impoesible even for them, by 
observing intrompecively their own conduct, to deny 
‘that they are abrays impelled by some ‘end to be 
attained and that their nesds and their desires are of an 
wentially tleclogical satu. 

‘Without going into further details we cat now wamnnar- 
‘te the conciusions of this chapter in the folowing finda- 
‘rental propositions: 

1. The parposiveaess of a frst group of aflective ton 
dencies is demonstrated by the fact that they are only so 
‘many particalar manileseations of the general tendency, 
‘common to all rgusisms, o preserve their ooemalsation- 
ary physiological state unchanged. 

2. The pusposveness of the eecond group of fective 
tendencies consists in their efforts to reactivate oF remtore 
‘orrtain physiclogical states or certain habitual environ 
‘mental relations of the past, for which the organism 
experiences a longing (costal) 

‘The purporive nature of the fst ewo groups is cured 
over toa third roup which comprises affective tendencies 
derived from the fore by translerence or by composite 

4, Since the afective tendencies ofthe frst fwo groups, 
nd consequently lo those ofthe thir, are mneronit in 
‘origin and nature, their purpocivenes also is mnemonis 
fn origin and nature. 

‘5. The great diversity which exists both from the poiat_ 
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of view of the extent of Chel cerebral seats and fram that 
‘of che quantity of potentia! energy, explains the diffeceacen, 
a fundamental from a paychological standpoint, which 
‘exit between the play of maemenic activations canstitat- 
ing affective tendencies and the play of mnemonic activa- 
tions representing sensory evocations. 

‘6. The whole ofthe mnemonico afective accumulations 
ives rise to the tandeney towards expansion and intensi- 
{ieation of individual ile which is pecoliar to mas, 

7. Nothing in the slightest degree resembling the 
adlectve tendencies is found in brute matter which, by 
‘antoonmasia, ig called dart, 

8, The ‘ tendencies” of inorganic bodien are duc to 
‘external forces to which they merely yield the affective 
‘tendancies of animals, on the otber band, are doe to internal 
forces, independent of external forces and autonomous 
with respect co thers. 

q. Hence the actiniy and spontaneity of the behaviour 
‘of living beings as opposed to the faessinencse and feria 
characteristic of heute matter. 

10, Tae michaniats have not even attempted to axpla 
the aftective tendencies, but have confined themselves to 
ening their presence in animals and axclading thoat of 
‘man from tbeir jurisdiction. They thas abandon the soitary 
conception and explanation of ll vital phenomens, 
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‘of this department of life is too evident to need demsenstra= 
tion, for every thooght, every activity of the imagination or 
‘the reason, every meditated and voluntary action is always 
rected towards an end which mental activity iteal secks 
to attain by direct or indirect means. 

But in order to prove that oar mneronic theory, in 
‘contradictinction to muechaaistic physico-chemical theeres, 
admits of a unitary explanation of Be, we must rather 
show how all ments] phenocecs—even the most complex 
fand lofty manifestations of the so-called spirit—can be 
Geiuced from that property of amemenie accumulation 
‘which we have postalated as the peculiar and exziusive 
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‘To do this we seed only to show that all mental pheno- 
‘mena, even the most complex, result from the reciprocal 
play of two elementary peychical phenomena, the affective 
‘tendencies and sensory evocatioes, Both these Inter are 
of exnemonie orgia and nature. If, theefore al metal 
activity can be shown to derive from their reciprocal 
‘ction, then it wt be clear that this, too, in the last 
analysis, is derwed trom the sane maesiaie property. 

Inout work on the Paychotogy of Reavening we tried to 
‘how that this can be done. 

‘Thus, for exumple, fom the confict between an afective 
tendency directed towards a future end and another 
Aiected towards « present end the wil arises, From the 
confer between & primary affective tendency which 
pire tom certain good and x secondary active tendency 
‘hich holds the frst mocsentarilyin sapere for fear that 
‘it were to tree to come into play it might fall to achieve 
the detied result, atenion ecerges, with its attendant 
cdlecte: mace accarate perception and thorough enamiiaar 
‘on of the particular objec of intrest at that moroent. 
‘Again we saw how the too sodden end too intense activar 
‘ton of the affective tendencies gives rite 10 the emotion, 
‘while the abatement of this suddenness and intensity 
evokes the whole gansut of human sentiments up 20 cook 
fenacity in eeion which is aftective bot not emotive, aad 
4s the more eficadious avording as tho portion of the 
lective discharge dispersed in chaotic and uieessvisoeral 
ccammotians accompanying the emotions isthe less. 

Consciousness, wich so far bas constituted the greatest 
‘enigma of poychical fe, appeate to ws mot as an intrigsic 
and alsolute property inherent in each of the vanious 
Davehical states, considered apart ftom the other, Bat a 
Property extrinsic and relative to each one of ther, dus 
‘o certain modalities of affective reference existing between 
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‘them. And seuiy of consciouseass seems to be due to the 
‘grat extension of the respective seats of the affective 
‘tendencies in the brain, which eukesit impossible for raore 
‘thwn one aflctive constellation” to be in action at any 
‘one moment {excepting In the normal cases of abieni- 
smindadness aud the pathological cases of dowSis person 
. 

ed wn pc is tig ant 
ated series of experiences which are merely thonght, and 
‘the reatoner who ‘thinks with attention ’ seems moved. 
at the same time by « primary and ¢ secondary affective 
‘tendency: the primary, by means of sulted sensorial 
‘evocations, imagines and follows ‘with the mind's eye" 
‘the vasioas exparimental combinations or viciwitudes to 
‘which the particular object of attention is subjected, whilst 
‘the wocondary holds the primary in suspente at sack stage 
in the process of attentive reasoning, for fear of attributing 
to exch merely imagined experiance a rrult other than that 
‘which would follow ifthe experience were actually accom 
plished, 

‘We then saw how the cohaence or incoherence of the 
‘whole intellectual process depend on the greater or smaller 
‘capacity for persistence of the primary affective tendency, 
‘whilst the logicat or iopical character of reasoning ital 
depends 0a the greater or smaller capacity for peristence 
of the secondary aflective tendency. This is confirmed 
‘iret by the study of dreams which are both incoherent and 
logical becouse of their non-affectivity ; and secondly by 
studying the raasonings of the snsons, which in moao- 
affective maniacs are coherent but logics), while ia the 
insana characterised by instabitity, impotence or absance 
of the affective tendencies they sre remarkable for their 
incoherence. 

‘From affective clamifcation we saw that the concrpis 
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re born, and thete in their turn provide an increasingly 
slid besia for reasoaing in i€ couble evototion from 
concrete to abstract and from intuitive to deductive 
‘reasoning, which is proper to science, until the highest 
‘expression of thought ix reached in mathematical reason- 
ing, 

‘Objective and constructive easoeing, or reasoning in its 
‘proper sess, is impelled sclely by dhe dexize to know and 
Aiscover the truth, that is to foresee the consequences of 
certain actions before they have been embarked upon, 
From thi we saw that Bttle by little acother type of 
reasoning, viz, inestional ressoning, becomes dierenti- 
ated and then completely separated ; and this can ise 
be divided into dialectical and metaphysical reasoning, 
Of thee the fist aims at presenting certain given facts as 
Delonging to certain given categories rather than to any 
cotbees, while the second is concerned with making the 
‘whole universe appear as we wish it to be rather than 1s 
‘actually 

We thus saw that affective activity seers to permente 
All peoceses of thought. And more than that, t cae to 
be the sole architect of thought, ming the memati of the 
extemal world which are stored in our sensory mpemonlec 
sccumulations to baild up all the constructions of the 
‘imaginative and ratiocnative faulty, fon the lowest and 
meanést thoughts of the dull-inded to the most eoperb 
and sublime systematizations of the man of gens, 

‘We thus soe in the whole functioning of the intelligence 
rot only the mact typical Uiustration of the purposive 
atpect of life, but also the irefutable proof of the complet 
‘inability of mechanisa to explain life nits entirety ned to 
‘win toa unitary conception oft. 





social manifestations will furnish us with fresh proot, ed 
‘sbundantians, of the purposiveness of life. 

‘When the purpose of the individuals making up a whale 
‘converge, that is when the whole cepresents ovly the eum 
of its paris, the purposive social manifestations do cot 
substantially differ from those of each part. Thus, for 
example, we see several men co-operating in the building 
vf a house and taking several months over the work, while 
the savage does the same thing alone ix the case of bis 
wrstebed hut ; bat the altimate parpose of both ls the 
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same—to make sheiter which willone day serve to protect 
hem against the inclemencies of the weather. Again we 
‘ae, in Place of the individual housewife of ol, lage 
numbers of wortmmen working togeier in fectories to 
prodace for example, the cloth which wil eaable the body, 
even io th depths of water, to be Kept in constant high 
temperature, an indispensable condition fcr maintaining 
the invariance of the aationsry physiological state, And, 
finally, we ne town councils and states undertaking wotke 
ot public utity, that is responding to needs which are felt 
by all citizens alte, 

But we find a different state of fain when the particu- 
Jar alms of some members f the coramrity ere in oppost 
tion to, or perhaps even in violent confict with, thove af 
other members of the comminity, notwithstanding that 
for both sides since they coat lead an isolated existence, 
fv is a matter ollie and death thar they continge to forma 
part ofthe ute civ society in town or tate. And the 
Position is changed again when the som ofall these indie 
‘vidual ai, more oles is harmony or eonict with each 
other, produces a rentant elective purpose which may 
‘oe, and eften i, opposed to certain particular individ! 
‘ima which nevertheless exter ino the composition of the 
collective purpose. 

Ta the coure of its evolation wciety has produced two 
cocders of social facts which are ameteally opposed to 
each other. 

Os the one hand, with the growing complication of 
society, there has teen «great increase in the skives of 
canfce between diferent individual sins and between 
Individual and collective aime 

“Thus, for example—to lit ourselves to the economic 
pare the divin of tbour which, in omr civilised 
societies, canes the production of « paricalr commodity 
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(cor, wool etc), which is essential for the satisfaction of 
‘the needs ofall members of the community, to be confined 
‘toa small minocty, stives a contict of interests between 
‘the producers of this commodity and the consumers who 
form the whole community. 

Ti the tame way, the technical complesity of the pro- 
‘eae of production which, for the making of goods st any 
‘nna moment, regaires not only the labour of that monsent 
Dot the products of past Jabour, as rai materis and 
‘machinery, gives rise toa contict of interests between the 
‘variows classes of society: in particular between those 
‘who have only their labour to offer and thove who are in & 
‘position to explait the former at will, since they poner 
the products of the past which are necessary for the pro 
‘duction of new goods. 

‘And ogain, as a result of this division of labor, come 
petition springs up between the producers of a particular 
commodity or the performers of « particalar service, 
Each strives to secure for himself dhe greatest possible 
‘umber of consumers for his goods or bis wervicas, for on 
the mumber of these depends the extent of his remunera- 
ton and om this his ability to satisfy his needs and desires, 
‘Thove who emerge successfully from this feverish come 
petition are very few, whilst the cumber of thase who are 
‘rushed, who cannot even satiety their basic needs, ie great. 
‘The wretchedness and degradation of the latter in contrast 
to the excessive gratifications of the former are evidence of 
‘tha gravity and the extension of the buna misery which 
‘low from this excessive and unorganised competition, 

‘But, on the other hand, simultaneously with the multi- 
‘llcttion of causes of confict there has arisen a colictive 
apiatjon towards an amuagement and recancllintion of 
these condies, towards a substitution of harmony for the 
icons of fife, This is due wo the ever-growing intensity 
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‘and extension of social relations and to the consequently 
‘more continuo:s and intizate communion of aifective and 
‘spiritual Ue sinong members of the came collective gro8p, 
so that in the finer sprite in whom this communion is full- 
‘tthe aims of others bave beooma their own. 

‘Thus are generated the two great problems of socal 
purpocivences which are exclusively proper to man? the 
problem of justice and that of morality. 

Justice consists im seeking social constitutions and 
Inctitutions which are able to contain individual activities 
and direct them into proper channels so that they may 
come inta colision as little a8 possible ; ua that if conflct 
1a inevitable, it may be mitigated as rauch ax possible: 
‘0 that individual aime may diverge as little as possible 
from the collective, or, better still, converge with it; so 
‘as, in short, to proce, by external adjustment, the greatent 
‘pouible harmony hetween the various kim of individanls 
‘and between these and the collective aim, 

‘This isa formidable problero which has troubled human 
socitien trom their Set radimentary manifestations fn the 
taboo and the lee daliowis to the most perfect juridical 
‘Aaborations of our civilized communities, Through the 
philosophy of law in its widast sense it involves the whale 
‘study of the state and its fundamental intitutions, inalod- 
‘ng the diferent forms which the right of property may 
take, and all civil and penal legialation ; it embraots the 
study of the various diferent socal and political systems 
‘autocratic, cigarchie and democratic the different 
formas of government, and the varying relations between 
‘he individual and the state. At the one extreme there is 
the excessive individualism which leaves the collective 
end or interest unprotected against the chaotic and 
‘amurchical aime of the varioas members; at the othne 
extrem, 2 stifing idolatry of the state which abandons 
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lnividual sims to the cyranay of the collective interest, 
‘which, moreover, is sedom the interet of the commanity 
4 9 whole but that of restricted privileged castes who 
dominate and exploit the overs. 

In the practical epbere, under the constant presse of 
‘the diferent oppressed classes, castes or groupe, this 
‘problem has impelled sccity towards an increasingly 
{aller correction of the most exying socia) injustices and 
‘nequalties and towards the progressive subtitution io all 
torial relationships ofthe system af fre contract, the prn+ 
‘eminent reconciler of individual intereata, for the syatem 
of corrcion which inevitably trampies on the interests of 
‘the many or tbe advantage of the few. In the reaim of 
‘theory it bas gin rise co all the zoos idewlzed aspirations 
‘of humanity, trom Plato's Repwalic, Carmpasella's City of 
‘he Sw, and More's Utopia, to ts ideal of modern vocals 
Which is the ope and faith of the present generation, 
‘And it was tothe realization of this ideal that the author 
‘tempted to contribute, to the best of his then youthfal 
abuities, in bis work Un secialiome en accord avec ta 
Aocirina tememiue ibérate, whics be bas ince followed up 
and developed in sabsequent secondary publications {v. 
‘The Social Significance of Dasth Dultes, 1925). 

‘The second problem, that of maraiity—to which in his 
foture studies the anthor propotes fo devete al? his 
energies, now no longer invigorated by the freshnem 
of youth, but sti iospined and sustained by the hope of 
Ihappler futore—secks how best to moukd the affective 
peyehe of individnals so as to guarantee that the maximums 
ammber of individual purposes shall, by pursly internal 
‘dfushoont, be barmonized with each otber and with these 
of society. Ta other wards, the aature of this problecs 
consists in striving to discover the supreme ethical posta 
Late to be inculeated io the effective human peyche, the 


106 PURPOSIVENESS OF VITAL FEENOMEWA 


‘oatalate from which omy be deduced ell those particular 
moral precepts which secure the spontaneous and har- 
onions adjastarnt af the vital activites of individuals 
in all their relationships with one another. 

In this way instead of the activity or satisfaction of 
some individuals fohibiting and aresting that of others, the 
‘various activities and aspirations ofall members of society 
aight be given full and free play, even stimulating and 
intensifying ene another with a masinsum of activity and 
pleasure in life and « minimum of restraint and pain, 

‘Thus hermoay of life would take the place ofthe struggle 
for ite, 

‘As wa saw above in the chapter dealing withthe aflective 
tendencies, itis only the brute beasts which submit pase- 
{ively tothe external impalsion towards the expansion of 
fe, which shows itscf chiefly i an increase in the number 
‘of individuals and which inevitably fosters the struggle 
{or existence whenever the population of all the species or 
‘of any single species exceeds tbe limit which is compatible 
‘with the conditions of the environment. Man, on the 
‘contrary, at any rate in his moealy highest representatives, 
is capable of curing and guiding this external impulse 
‘4 ill, 3028 to confine human population withio the limits 
of avalable subnistence—timits, moreover, which are bing 
continually pushed back by marvelous technica) develop- 
iments so that thee always wide margin eft. And we 
‘have seen how man substitutes for the passive acceptance 
ofthis external impuse a whole series of ternal isopules 
based on the maentonico-afectve accumulations, which be 
Alone paseses in such abrmdance and variety, and which 
together give rise to the really active tendency towards 
expansion and intensifeatioa of iodividual lf. 

“This active tendency towards expansion and inteusica- 
‘ton of individual Ie may either eantinue to engender & 
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ld beast struggle or cereale tel into «harmony of 
Tie. Everything depends upon the quabty ofthe afectve 
accamalatons and, above al, ox ther ianumerabe apd 
Infntly varied modes of combination, compotion, tram 
ference and tratoformation. And there is uo doube but 
‘hat oder the coeerted Smpalson ofall te particular 
ends in which each individval seek his eratifcatin, this 
Iarmony of lite will eventually become, not merely in 
‘heory but i practice, the sole and proper end of secaty 
asa mbola, Tee the bance of aflective ebvation, on 
the one band, and ofthe collective sanction, onthe ether, 
to stimulate and incalcate in an ever increasing number 
of individuals thow atfetive tranieencs, combinations, 
compositions and sablimations which weaken conflicting 
gv and eapaform them into Barssonions ogvaltritic 
and altruistic afectiviien And i isthe ak of a moral 
ening, whether be bea Socrates or » fnst of Nazareth, 
frat to maize in hirall and afterwards to mizslate in 
thar, aficctive combinations which eww never befare 
‘been produced in the koman payche, and to dicover and 
proclaim cw mera postulates sch an were Dever on 
men’s lips before, and which mark 40 many forward 
stages in the acdoous progress of emanity toward ie 
radiant goal of joyous universal barmoay of if 

‘We must not allow the doubts of the sceptic who points 
to the wickedness ofthe presen time to hold us back or 
damp our enthusiasm inthis vision ofa bettas and nobler 
Ibumanity. From the fmt metabolic attempts of the 
primeval unformed protoplasm towards its physiological 
stability to the whole parpotiveness of lle with all it 
infste variety and splendowr, culminating in the nobiet 
ideals of the morally sopeicr man, the path han been 
immeasurably longer than that which still remains édr 
tnuman society to tread in order to pa from ite present 














Preliminary investigation compiad 


I the Introduction to this work we sad that before 
attempting to pronouace any jadgment in the agelong 
<Gspote between vitaliss and mechanists 5 tothe nature 
of vital phenonersa we ought frst to consider the peculiar 
fundamental property common to all living orgunirs, 
vis, the purposive or teleological expect of the kaos 
typical manifestations of vital proceses. And, in addition, 
‘we said that the afttode we adopt towards this great 
controversy must Sally rest upon this fundamental 
Property. 

‘We have attempted to perform tis task inthe preceding 
chapters in which the various purposive axpects of Tile 
‘have been passed in review, beginning with the most 
dementary bilogial phenomena and proceeding to the 
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sore complex and Snally reaching these of mental und 
terial Me. Our examination of these various purposive 
ruanifestations, rapid though it was, bas shown vs that 
‘they ean be satsiactorly explained by the hypothesis 
‘which postulates the existence of a special form of enecey 
atthe Bais of life, This kypothanis provides ma with the 
lang sought for intermediate solution of the protracted 
controversy. 


Pacpasioonss tha rc om which tha machanist Cory comes 
0 arief 

‘It was obvious that the long controversy between the 
‘vitwlsta and machasists would wad in. an intermediate 
solution rather than in the overwhelming victory of one, 
foreach party bas excellent and iefutable arguments with 
‘which to undemnine its opponents’ postion. A way cut 
‘of the dilerame there had to be, und it was only waiting 
be lookad fer. 

Sooner or later, indeed, it was inevitable that the 
ochanist teary shosld come to grief over the very 
tical problem of pszposiveness, which is now so trefit- 
ably proved dy facts. The mochanists themaclves were 
peslectly well aware of this, and hence all their efforts 
‘ave been directed towards denying the enience of these 
‘Purposive manifestations ofife. Thes Loeb has suggested 
‘the ponsibility that these manifestations are nothing mare 
‘thas a fallacious appearance : “ The whole animated world 
is seemingly a symphooy of adaptation”? But then the 
witalists might well ask why no phenonitnon in the 
inorganic world ever even seemingly possesses this cher- 
sctzratic. i 

Loeb bas even goae s0 far 28 to deny the faculty for 
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adaptation: “An investigator examining the salinity of 
‘water and not knowing the natund] resistance of Fundulns 
‘to change im concentration would be inlined to asrome 
‘oat ha had before him an instance ofa gradual adaptation 
‘of a fsh to the higher concectmatioa of the sea water; 
‘whereas the fish was already ‘mmane to this bigh concen- 
‘tration before coming in contact with it.” 

‘But, as we saw in an eather chapter, dhe experiments of 
Dallinger and Davenport have proved, on the coutrary, 
hat infasria and other lower onganiams can gradually 
become adapted to higher temperatures and higher coo- 
centrations of elt sobutions, which would have hile them 
i they tad been brought into contact with them suddenly, 
‘Theve facts and many others relating to new adaptation, 
with which we deat fa the ehapter mtationed ubovs, and 
‘especialy the response te toxins by the production of 
sntitoxins, ottabliah izefutably the reality of this power 
of adaptation which is inberent io Be. It i, therefore, 
‘very significant thet in order to defend his extreme phyuico- 
chemical theory Loeb finds himself obliged to deny the 
existence of this fecal, i spite ofthe most firmly exal- 
eked facts 

But Loeb isnot the only one mho is guilty ofthis error. 
Baylis, for example, desies that the responses of living 
frgunisns to changes jo thes exvironinent are alway the 
‘most appropriate, that isthe most conducive tothe wellbeing 
of the individual, And eguin Rabemd, who is the most 
prominent representative ofthe mechanist schoo] in Franoe 
‘today, goes to much trouble to prove that the wonderful 
peetection of cortain instincts is a pure legend: 

‘Asif these quite undeniable imperfections of structure, 
reaction and instinctive bebavionr were a sufficient 

et ite 
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‘urgent sguinst vital parposiveness! We might just 
‘a well deny parpote to « machine which is notin perfect 
working order, or refuse to ecknowiedge the purpasiva 
‘tmdancy in human actions whenever they are not crovned 
‘with complete succesa. 

ca ‘ 


Michanicts are rcrited for fe met fart from the ranks 
Of physiologists ; vitalists from ontagensticists ond 
Prycholgiae 

Tt is « noteworthy fact that mechanists are recruited 
foc the mest part from the ranks of physiologists who 
work upon the alresdy developed structure of the adult 
fenganian and who are not cooceraed with the way ia 
‘which it has constructed itself nor with its psychica) mani- 
festations, But as MacBride says: “We bave mot only 
to explain bow a fished machine works, bat in addition 
how machine buidsitself wp.” And vmierly Mathews 
nites: “The phyicogist leaves to the peycholoist 
ail the prychical aide of man's Kio. He takes, ws « rule, 
‘no interest either in embryology or in evolution. It is 
‘only the men whe consider these great problems of memary, 
Inheritance, evolution and consciotness who become 
vitalists or who believe that it is not possible to explain 
ital phesomesa on a mechanistic bas.”! 

‘The cage of Claude Bernard is of great interest in this 
rmepect : when be it desing ae a phycicogise with the 
‘fully developed organism he edopts a mechanistic point 
of view, but, by « Bagract mtradictioa, whea he ones 
to deal with ontogezetic development he confesses himself 
4 vitae and recogaioes that the exbryo must seceuarly 
be impaled by some * directing farce’ some ‘invisible 
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‘pilde’ along the path which it follows.“ Emm though 
\Weadnit,” he wrote," that vital phenomena are connected 
‘with physicochemical manifestations, which is true, yot 
‘very litte ight in thrown on the heart of the question by 
hat adaition : for st 44 no move chence oncounter of 
Physicochemical phenomena which contract cary organitnt 
sccording to a fizad and fre-eablshad pion and dovign, 
oud avhich és reoponsibe for the ernderfd harmony and 
subordination of vital activites." —" Every organism and 
every organ seems as though it were constructed according 
to a preestablished design,” he reiterates, "so that 
although, when taken in isolation, each part ofthe system 
appears to be in dependence of the general forces of 
ragure, when taken in its rations with the otbers it shows 
‘special connection, srs fo Be dread by some inesile 
(gnide slong the road which it follws and ad into the face 
Which st ls, The wightet refection wil male tralia 
‘hat this pre-established cegulation of life ia fundamental 
huracteristic, a guid propria of the living being”! 

Mechanists are even more nomerous among plant 
physiologists, simply because the moed Jesintense nervous 
Activity of plants weakens and obscures their mnemonic 
sod consequently ther purposive manifestations, But, as 
‘we saw in cur easier works, these manifestations are hot 
iboent in the vegetable world which exhiite sensbiity, 
movement and mnemonic phenomena topether with 
cartain determined preferences, not to spank of metabolic 
activity which isin itself purposive, 

‘Thas we see that where purposive manifestations art 
hidden or remain unnoticed mechanism stil tries to boli 
fut; bt where they are pronounced it is constantly 
Yelling ground before the attacks of vitalats. “Dastre 
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soared." sags Fidcon, himself an antivitalst, “that 
‘the last stranghsld af the theory of « vita force was the 
sphere of morphogecess, that ix of development. It is 
‘roe that herein particsler contemporary neowitalism is 
‘ying out the strength ofits explanations andthe weight 
stitsdeduetion, Bot there remains still another property 
of life foc which tis dificalt to estblish mechanist bypo- 
‘thetes: pot the building up, at a gives moment, in favour 
Able circumstances, of an erganism, mor the reatization 
of a particular function, but the organism's capacity for 
endurance and for resting injerioas influences and 
destructive forces. We oe an ability to prot by experi- 
«2ce, and changes in behaviows, in response to a barrfol 
stimulus, which henceforth eanbe the onganiam to excape 
from this stimulus." And similarly Thomson writes: 
“The living being Is in a category to itself because it 
onsesea the power of recording experience, of storing up 
the past, of capitalizing its acquisitions; itis capable of 
vetf.conservation, of vell-sreservaticn ; if ats always with 
| plirpoce and, ia its higher stages, i is able to settle its 
‘own purpones.”* 

Bat, obviously, the phenomena of the heman mind, 
‘which are 90 completely imbued with purposiveness, are 
‘those which present the greatest diffcalty and which 
finadly cause the breekdown of mechasist theocies, 
* Mechaalsm,” writes Conklin,” mast acrount for purpose 
4 roam, as well as foc Stas in lower organs, fia 
wuiversal principle.” Deady io his tum writes: 
“Can the machanist explain thought as 5 physio-chemical 
‘Process? Will chemistry and piyics help him to explain 
why ha loves bis chiléren ?—t soems to me tbat if the 
smachazist cannot explain thought and love and peychical 

1 i Pen. wt.” De te oe epseason decal we 
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‘manifestations in geoa! by means of mechanistic prin- 
‘ciples be in faced with a dilemma : either he is campelled 
‘tondmit that his mechanistic theory does not hold univer 
ally or be must try to save it by maintaining that man, 
atthe very leas, is outside his sphere.”" 

That is exactly what almost all physiologats do, for 
while they remain mechanists in their own particalar 
sphere of investigatioe, they decare themuelves spiritual- 
ints in the realm of though; as thoagh it were possble 
+o draw « clear line of demazcation between physiological 
‘nd payedleal phenoesena and at though the organic and 
‘fundamental afective tendencies which connect the two 
‘were not proof ofthe immpostllity of separating phenomenn. 
‘of an eseentally similar nature into two distinct clases, 
“As far the higher nervous functions, the mental fune- 
tions,” Piéron writes, “they pretent no difficulty t0 
certain mechanists who abandon the whole of the aphere 
of thought to a pict) principle and consider that the 
Jaws of matter cannot be expected to extend wo fa."" 


Both mechanists and witlits recogmive the mecesaty for & 
Sundamentat division of naturat phenimena ; bi they 
isagren as to where the dividing Kine shat bp drawn 
The whole difference between mecharists and vitals, 

(hersfore, a reducible to the following : the fixing at one 

point rather than at another of the prétise dividing line 

‘which mam finds himself compelicd to draw between 

natural phenomecs. The vitalists draw this line on the 

‘hreshold of biological phenomena ; the mechanists on 

‘the threshold of peychical phenamena. “‘In the course 

a SgRbctechaeie as apen mne 
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of the ovolation of matter,” writes Dendy (a vitalat), 
“tm point a reached beyond which the relations of exergy 
acquire a new aspect and new significance which justify 
the application of the epithet ‘vital to them." Baylisa, 
on the other band, a mechanist, places the great point of 
vision "before the appearance on the scene of the com 
sciocs mental activities of man 

Uf, in attempting to bring biological facts into the 
sategory of pheuomens governed solely by physico- 
chemical law, the mcchanésts had succoeded in unifying 
all the phenaraena of the natural world, the persistence 
‘with which they pursue their end against all the most 
evident facts might be comprebensible and more justifiable 
‘Bat, on theic own confession, this unity always breaks at 
‘ne point or another, and they themselves are the fit to 
eclare that the phenomena ‘of mie‘ do ot and cannot 
center into physico-chemical jerisiction. This being the 
‘ase, it in far better to look with greater objectivity foc 
‘the point where the line'can in fact be drawn, instead of 
penistently denying with closed eyes that it anust be 
‘drawn at such a point, only later to have todrawit alitle 
forther beyoad. 








The method of ievsigetion which the phyvistogit adopts 
prevents him from saving the sumer nabre of elt pheno 
Let w ermine a little more comly, bowever, the 

reasons upon which, in the lat analysie, echanists babe 

‘their denial that Bislogical phenomena in geocral and 

physiological phenomena in particule are governtd by 

laws other than purely physico-chemical ones, Tt i 
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vient thatthe very methad of investigation eich te 
hryolgit eaplys, Ach ony anes him fo fae noe 
ff posse chemial photomana, lend Bi 9 aaert that 
these ar the only com which ext in He, Payion 
legal anaysa” Jorotone wntes, “sown, ined, a 
relation of the actives of te eras Into chemical 
od physicl rectens. How could it da otherwise? 
How could chemical and physical aethods of investigation 
$id anything ee thc ceria! and hye revit? 
The fact th tenemos canbe applied to te ely 
the ergasam with content rele av that thar 
‘Spphoatonis alld; at we are jusiiedin acing hysico- 
‘haa ectiviten ia Ke” Bat are thas renal al hat 
fee bave sennon to expect ?"—" eis diet,” be con- 
{nae Corte madere wadent of belogy, atrated with 
‘aotions of biochemical activities, gels and sols and colloids 
td covert eneyma nd Kinane and he ke to rain 
‘that the belief in a vital ageney is an intuitive one, and 
‘thatthe mechaiotie conception of ie fx only the teat 
of the extension to biology of methods of investigation, and 
‘not a legitimate conclusion from their raswits.”—And again 
‘be insists: “The physiologist adopts the methods of 
Physenl chemistry 2 Bin nvetigaton and whatever 
silts bp obtsina are necenarly of the atme order 
Toevitably, from the mere nator of Bi method, be can 
‘see, in the organism, only physico-chemical phenomens."? 

It the theemercter were the sole inatrument wich 
Ppsolgiets ponte it is bviou at they would we in 
‘HL pommel rom oni empertare : in what 
ter prt of the bain, fr example, hw arpa oa her 
‘mometar Js placed, only changes tn temperatire willbe 
Sxerved. But woul the observer be justied fa ni 
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‘lsing that these variations (9 tempersture ace oil that 
‘happens fa the beats ? 

‘Simndariy a ptyeiclogiat equipped only with instruments 
for the measaring of electric currents would be able to 
‘oearure only the variations in ehese currents ; bat that 
does not masa to sey that when inthe nerves, or example, 
‘he aoten the presence of thesa electric earrents alone, there 

nothing else there." Whea we think,” writes Hering, 
“of the infinite variety of diferent processes which att 
able to peoduce electric currents, ought we not to hesitate 
Tbafore concloding from the identity of the electro-motor 
Dehaviour of two nervons Sbres, the identity alo of their 
‘Recvous Procesen 2 

Electrical phenomena are observable in all cellular 
‘activities ; but ehat does not mean to say thet the whole 
of wital activity can be redwood to these pheaotens. 
Muscles, glandular cells, vegetable ces, positly all 
living sabstance,” continues Hering, i all circumstances 
‘exhibit electrical phenomena which, in their mode of 
‘appearance, arm strikingly analogoas to thowe produced in 
‘the nerves: ought we to conckide from this ttt the 
internal chemical process, which are the canse of thet 
‘Phenomena, are the same i the living substance of all 
‘thew pacts 2° 

If fom the identity of thermal or electrical eects we 
cannot infer identity of the ceuses which produced them, 
‘RU leas can we learn from thene eects the nature of the 
‘causes, or the essentia] content of the vital provest af which 
they are, os it were, merely the collateral manifeetations 
‘or posthumons products. To quote Hering once more : 
“Tn he electrical phenomena peesent in the nerves and 
‘mmaclm I have never seen anything other than physica! 
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sgmploms ‘hich we os Title abis to enlighten ma con- 
cerning the qualitative pect ofthe procese taking plane 
Jn the living sobrtance as thermic phenomena ee." 

Te is for this reason that the mathod of investigation 
‘which is deliberately confined to the recording of pany 
physco cbenical phesomene (whic, instead of emphasiz- 
ing, ether prevent the special characterais of lil, and 
particulary its variows purposive maifestations, from 
Deing seen) Aae wot ahew x 8 sep further towards @ hoor 
Lage of what Wife realy is 


Vital activity, the eomuacting Wink brvcen prynicochomival 
‘phavomens, comply excapes the oderoation of Dw 
tnwchanisic physilagit 
‘Vital activity is connected with physico-chemical actions 

and reactions inasmock a1 i springs from and ends in 
‘them ; bat this does not mean that tf identical ia eature 
‘with them. It is the intermediate connecting dink binding 
together the physico-chemical phenotoens which art itt 
starting poiat with those in which it ends, The phyalco- 
cbemical physiologist sees the starting point and the 
finiahing pint, bu he das nc eth iatermodias lek which 
connects them. 

“The physiologist who persists in acing in every manifest- 
‘tion of living matter enly the physico-chemical points of 
epartace and arrival eset everything exept Wife, He fade 
to me the coardinating, coutelling and directing pomer 
‘which the latermediste link, which alove really constitutes 
Iie, exercises over these physico-chemical phenomens. 
Physicochemical procesee i the organiun,” writes 
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ohustone, “are only the meant whereby the latter 
Gavelops, and grows, and functions, and acts. In the 
‘wxalyas of tene process we sc nothing but the reactions 
traded in physical chemistry ; bet whenever we consider 
‘the organiam as a whale we seem to see & co-ordination, 
‘x x control, or a direction of these physico-chemical 
‘Proceses."—" Life ic wot only energy bat sls the direction 
sand co-ardination of energis."* 

Thomson's statement that “20 vital operation ie 
entirety bas ver as yet been described in terms of chemistry 
and physics is perfectly justiied* 

‘The ‘inalienable unity’ of the whole organism, due 
to vital activity, that is to the intermediate link which 
‘onaects physlo-chemical processes, dltappoars in 
physico-chemical analysis, and with it one of the most 
fundamental characteristics of organisms, “Even the 
simplest vital activity,” Rowell writes, “cannot be 
adequately and fully interpreted in all its relations ax 
‘eing purely phyaical ; it as pecliaritics which demand a 
aycbotielogcal or Functional interpretation. I do not 
sen how adaptability, persistence of effort, co-ordination 
‘and unity of acivitien are to be understood save on the 
anlogy of our own behaviour as ving beings. The 
respons of living things, whether they be by moversent, 
‘an in behavioar, or by metabolic change, asin growth and 
functional adaptation, must be considered an having an 
fnaleaable unity of their own, which is lot if they are 
‘azalysed in tarme of physico-chemical reaction” 

"Now, as we bave seen, everything jastifes usin assuming 
that this conseeting link, which actually constitates life, 
4s composed of the sume nervous exergy as that to which 
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(he whole activity of the peyche i die. For this mason 
‘we are able by our hypothesis to furnish a single explana 
‘ion which is equally applicable to iological and paychical 
‘Phenomena and which brings out the essentially similar 
‘nature of the two ; we have thus succeeded in giving that 
"paychobiologcal interpretation ’ of the facts of lle 
which Rosell demands. 


To enpley only physicochemical enalysis is equivalet 0 
auditing fom the fl of investigation toe most funda 
smantah aspects and prolats ofKfe 
‘Toxube ws only of physico-chemical analysis in bolo 

implies the tacit exclusion of all the moet fundamental 

fspectn and problnns of Ke which clade such analy 
ering quite rightly says that the physlo-chensal 

Physiologist bas hardly yet pasted he treaho ef the vital 

Process, fo whatever point the physical or chemical 

investigation of the animal organism hat pevetrated, it 

thas always, sooner or later, come upon the mysterious 

‘ction of the living substance of thove elementary 

cnganiast of which the animal and the fman body are 

couponed. We have sow learoed sores, and frm having 

‘once believed that we had entered the holy of holies, we 

‘now acknowledge that we have at yet seazcny pased the 

portico of the temple"? 

‘Cease, tereoce, advises this eminent physologlt, to see 
in physiology onty applied phyical chemistry. Phyical 
chemistry, which is Bora from the study ofthe iorgaaic, 
can and snus sce t explain all hat is common to living 
sn nonsiving matter, batt is nor aclent to explain th 
special hnractereics off, that is those characterstion 
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‘by which a living being is Giferentiated from non-iving 
‘matter. “Life.” bo writes, can be fully understood only 
from lle, end physics and a chemistry which have sprang 
solely from the domain of inanimate nature, and which 
therefore apply solely to izanimate magure, are adequate 
only forthe explanation of such things as are common to 
the ving and the nes-living.”* 

Timuell develope the same idea: “Tt seems to me 
pesfectly dear that the metibod of the physica sciences is 
impotent to take full account af thove peeularcea of ving 
things which obviously distinguish them from ordinary 
‘echunioms—their enduring individuality, peristent 
through change, ebeir power of prosting by experience 
‘and tbe tke "* 

“Tels for this reason,” concludes Hiring, in agreement 
with Thomoon, Rusa and the majority of non-archanistic 
Diologiat, “that peychology isan indispensable ausilary 
weience to phyniclogy.”* 

1 we look bck, therefore, to what bas been suid in 
‘earlier chapters, we can readily answer the question which 
Hazley pa, in 1869, tn is famous ieetare on“ The Fhyical 
‘Basis of Life" He naked what were the ceasoon which 
{sity the axromption that there exists in living substance 
something which has no representative or correlative in 
nomliving matte qoestion with which be thooght 
(rinmpbantly to confound noo-mechanists, Our reply 
‘would be: the whole behaviour of living substance from 
‘the most ehmentary phenomena of essimilation and 
metabolina to the most complex poychicel phenomena. 
Ty constant purposivenees, which is completely diferent 
from anything that we see ia the essentially non-teleao- 
hal inocganle world, nt only authorizes but compel us, 
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if wear relly to ondevstan the pecolar and fondamental 
properties of ie, 1 atinbote to, even if oly by way af 
hypothesis, a special form of exergy, constituting the 
cemaccting snd hidden Bais of the physico-chemical 
Phenomena which the piysiclogt cam record with bis 
physicochemical instruments, Bat not explain, And this 
Dypothesa will be completely leptin if all the pur- 
posive manifestations of life receive from it whe adequate 
explanation which il now has been looked far a vain, 


Tits burn, however —which is even more serious—animitic 
ili entais the abandonment of any attempt to explain 
he nature of life 


‘Though mechanises bas not succeeded and canot 
rucoed in explaining the ewential properties of vitel 
Phenomena it at Teast repeesents a ovine allempt at 
‘explanation, Vtalism, on the contrary, i the forms which 
i bas easamed wp o the present, ropresccis, oa 15 
smechanists bave quite rightly insisted, wot even the dein 
ring of ey sch tempt, bt rater the dite abendonmch 
ofa explanation of if. 

Tn wo far as vital confines itelf to postulating « 
vague, undefined and nebulous eatity as the cause of the 
purposive mazitestations of ite, and in particalar of onto- 
‘genetic and poychical manifestations, it thereby implicitly 
affirms that these purposive pbenemene are éneplicalle, 
instead of ofering an explanation of them 

"Innamerable attempts,” writes Conlin, " have bees 
made by philosophers and Biologists to find on explanation 
for adaptation (inaism). One need only enumerate the 
‘sopematural design’ of theologiass, the ‘ pufecting 
principle "of Arstote and Nagel, the indwelling soul” of 
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lato and Bruno, the “active teleological priciple’ of 
at, the nconscions purpose’ of Harts, the’ vital 
setivigy or“ vtatiam "of Bunge, Wolff and Virchow, the 
‘will of Schopenhauer, the‘ das vital' of Bergsoe, the 
* entlechy” of Drieach, the archethetiom * af Cope, and 
‘0 on, to indicate over what a wide fd thes attampted 
explanations have ranged.” 

‘But it i cleer that all these attempts, which are at 
Dotiom identical, come dows to the ietroduction of a 
ruse, «fats ods, which merely eaccees in demonstrat 
ing but ot a explaining the mysterious purposive 
‘properties oflte ; of them Mephistopheles might wel have 
said: Denn eben wo Begrie feblen, da stelt das Wort 
ur rechten Zeit sich cin” (len where concepts aze 
‘wanting the word intrudes isl! in good tie, 

‘All hoe anisitic witalist explanations and conceptions, 
based on a * vital iepule* oF a “nisus formativus ' ot 
“eatalechis "and the Whe, destitute though they are of 
scientific value, are yet very significant, for, as Stefani 
1a pointed out, they “ implicitly recognize that not only 
Dave physica and chemistry not yet explained ie, bet 
‘hat life cannot be explained by means of physics and 
benstry."* 


The was theories of Dricch and Bergan are the flies 
ensnsretion ofthe complete inability of existe viaiom, 
{0 eapein anything 


‘When Driesch defines his ‘entelechy as 2 non-spatil, 
‘Bonsmaterial, nomenergetic agent, endowed with the 
power of regulating and cocrdinating the energetic 
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physico-chemical proces ofthe organiam in ich a way 
that they always Teed tothe "realiaticn of an ead.” he 
really explains nothing. rom the postive piloeopcal 
point of vin to explain fs nothing other than to deduce 
bby means of 2 sets of imagined experiment unimowa 
somoplex phenomena from sixpler phenomena with which 
‘weaze more farsi. Now this noo-epatil, nos matisal, 
nonesergetc metaphysical entity, endowed with inteli- 
ence and Wi, which conceals under a ew name the ld 
{dea ofthe saul is extraordinarily complex, a9 much and 
amore so than the human peyehe itll. Far from belng 
the elementary phenomenon from which mere complex 
phenomena sock as ontogenctis aad the whole biological 
tnd peychiea! behavior of organisms can be deduced, it 
calls itsell (or explanation, evea sore than theee other 
Phenomena which it should expla 

‘The more 20 in that intligence, wil, and the complex 
‘working of the mind in general, which are now beginning 
to be explained as deriving from the complex pay of mere 
slemnentary poychical pheoomena, have their own epatish 
seat, their own material bss, ther awa energetic potenti 
ality, constituted ty the spatial seas, the material bases 
tnd the energetic potentialities of hove elementary 
‘prychical phenomena of which the inteligesce, he will 
and the complex working of tbe mid In general are com 
‘posed and which, os we Bave sen, can be reduted to the 
‘octivatendancies on the one band and to sereations and 
sensory evocations on the other. Bat in oppositian to 
thin, Drege’ ‘eatelechy" is repreneated, we repeat, at 
‘being an agent without a spatial ee, without a material 
Dass and without energetic potsntnlty. Hence bie 
comparison with the bums intelligence and wil ar om 
soby Sta aca eee sas oe 
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simpitying bis idea, only tends to sooke it more obscur, 
since the ‘entelochy " lacks all the spatial, material and 
energetic conditions which, according to the Endings of 
paychology, are necessary forthe functioning ofthe human 
{intelligence and wil themselves. 

Disch’s entelochy, says Russell, which is active in 
morphogenesis and reatitutica, i credited with facultiea 
ol primary knowing tx willing, that is, of knowing and 
To 
all intents and purposes an entelechy corresponds to a 
poyehical entity or soul, that is to say something which 
bas perceptions without sense-organs, thoughts without & 
‘rain, and which acts without executive orgens."+ 

Noles tinged with mypticam is Becguon's theory. Me 
es ile an * consionsness Inunehed isto matte,” turned 
" elter inthe direction of intuition or in that of atellect,” 
according as it "fied its attention either on its orm 
movement of on the matter st was passing through.” 
‘This cooscioumem launched isto matter,” thie ital 
rindpl,” is called in to secure constancy of ect (4. 
‘he specie form ofthe orgasim ua the gol of ontogenesi) 
in spite of the wavering of causes (inthe midst of which 
‘he orguninn develops) 

‘The purely verbal explanations of Driesch and Bergson, 
and others of te same kind, all more or less based of 
retical nd ent-sietisc conceptions of a soul, separate 
and distact from the material of the body (the tact 
impleatioa being its survival the body), have discredited. 
vitalima as « whole, And it is for this reason that physi- 
logists today are suspicions, wrong itis true, even of 
vitaliaticoenergetic hypotbnees which are put forward 
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by strict postivists and which lave nothing in commot, 
pidlepand seeped 

Te is the fear of being forced into vitelistioo snimistic 
explanations, that is of being compelled to introduce an 
extrephenomeaal regulating intelligence, the admission 
of which is incompatible with al postive sdentifc thought, 
‘which leads mechanistic biologists to deny the purposive. 
es of lf. 

[Nevertbele, as we have seen, the parpoxive manifeta- 
toss of ile are fact, and indispudable facts, Instead, 
‘therefore, of fying inthe face of all evidence and persit- 
cently denying thee, is far better to seek to explain ther, 
‘nd to explain thes soentficaly, that i, by approaching 
‘them from the deterministic and cansal point of view, 

‘This requirement is fulled by our vitalistlco-enrrgeic 
Dypotbeais, which we shall examiss in the folowing 
lupter, 








1 oan really claim to be the intermediate solution which 
‘wil! put az end to the long debate which stil goes on. 
‘between the two opposing conceptions, 


A causal ond ddersinistic explanation of Bicogical pur 
osioanacs és farnithed By our theory of tifa 
‘Our mnemonic theory enables us, as we have shown at 
Jength in easier warks and more Uriely in the Sst part 
of this book, to explain all the purpasive maniestations 
” 
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of life, rom the most elementary to the most complex, in 
way which, though orither ‘mechanintic" nor narrowly 
* physioo-cbemica’ is yet strctiy “enecgotic'; that is 
to say, ol animistic ond metaphysics, but, ike the explan- 
‘tions of all oer natural phenomena, cowsal end dlerin- 
istic, Hence the recognition and acceptance of these 
‘purposive manifestations of fe no longer iavolves 
‘the repudiation or Gimvowal of @ positive Welles: 
schawung. 

“This remit has been achieved. as we Inve seen, by 
reeans of the simple hypothesis of specie accemulation 
‘Which rests on a well-defined energetic basin. According 
‘to this hypotheds, the mnemonic accumulations of those 
physiological activities which were determined in the past 
Jy environmental conditions, act, as specific potential 
ceergjes, as an actual vis a dergo. Tt is this we a Lego 
‘which, By impelling to the reactivation of chow physio- 
logical activities of the past, causes the tendency towards 
therestoratioa, in one way or another, ofthe correxponding 
‘conditions of enviroament which are necesary for this 
reactivation, and which thas appear to act as a vis @ 
fronse.* 

* Final causes are sienifcaly inadmissible when they 
are ooncrived as @" future,’ which obviously cannot have 
any effect befoceitexists.. In biclogical Aalism, however, 
itis not the fture which is active but the past, through the 
‘moemonie accumulations which it haa deposited. 

‘To explain all the purpesive manifestations, which are 
10 varied in their extemal forces yet so essentially similar 
n their inner oatare, we have not found it necessary, i. 
contradistincton to vitaist theologians and metaphysic- 
face, t0 make use of the hypothesis of an “ ordering 
intelligence which, as it were, invests organisms with 
activities which enable thers to tead of themselves, blindly, 
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‘awards the end which it anigna to them” Nor have we 
ound it seceasary to invoke “& co-ubstantal internal 
‘Principle guiding and co-ordinating the single actions of 
‘tha various parts of an organise with a view to the reatiar 
ation of an end,” nor yet ” an immanent principle in the 
orgusiam, working towards an end, and realising in the 
‘proceas of ounstruction of the individual form a pre- 
detersined stroctura} plan and nothing but this plan.” 
‘These are nothing more than purely verbal expressions 
‘which make the phenomenon to be explained etill more 
obscure 

‘Aguin we have not, with Neuzmistes, been compelled to 
{introduce any sort of" psychical thinking" into the chain 
‘of physiological phenomena and to attribute to it "a 
<irectng action over the physico-chemical processes which 
‘take place in organised beings."* 

‘To postulate at the basis of ie such a * paychicalthink- 
ing" of which neither the natire nor the origin sor the 
‘uthod of functioning ie knows, and which is an uxkrown 
moc greater thaz the facts which it is suppoted to explain, 
5s to fall into pure metaphysics and to renounce all positive 
schentiic explanation. Oa the other band, nothing ean 
‘be more strictly sclentic, nothing less i conflct with the 
‘ood postive Watanschasneng, than to esse atthe basis 
of life a special form of exergy, endowed with a special, 
‘mentally elementary and wel-tfined property such as 
‘tat of specific accumalatioo, from which can be deduced 
AU the perpesive manifestations of Le, including those 
‘of the thinking payche which are characteristic of 
Bind. 
weigh & Ca tee ce is ns, 916 7 186 
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2 
The *paychioat damp of lh vidal phenomena és simply 
‘& mmanic Samp 

‘Because of the purposive tendency which they acqulre 
from the property of specif accumulation, vital phexo- 
mena appear ta have  mucked peychical stamp. For 
‘this reasom many biologists asset that psychical activity 
{a present in every living part of every organisa, whether 
sniaul of vegetable. Grass, for instance, writes; “Tt 
wwe adit the existence of an unbroleen chain linking man 
to other beings, if we admit that it wotld be iratinal to 
Aismeraber the Kingdom of living beings, then we must 
Also admit that sone glimmering. however faint, of our 
‘unquestionably existing payche is present in al! the living 
‘pats of every organism, whether animal or vegetable’ 
[Now this “ faint glnumcring of the human pryche 
hove presence we must recognize in the smalls fragment 
of iving matter, is nothing other than the special form of 
‘energy which we assume as the buss cf life and which lone 
‘8ves to all its manifestations their purposive imprint, 
Similarly tbe * vital impulse ‘of Bergvon, the *entelechy' 
of Driesch and all the othe "active teleological principle” 
to which i asigned the part of puiding and directing the 
srucemion of physicochemical phenomena i the oganiama 
towards given ends, instead of remaining vague saeta- 
ryical concepts, acquire « positive precision and con- 
sistency, if they are considered as nebulous substitates for 
‘the specific accumulations postulated by our hypothesis 
con the activation of which depends the progression of the 
orgasism towards corresponding "ends 

Tt is then the moemonic accumulations which‘ direct” 
the very phenomena produced by their activation, No 
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sepacation exists, therefore, between the agents directing 
‘te phenomena and the phenomena directed, both being 
‘one and the sume thing, vi, masonic acumedations 5 
the feocers of activation." A” purpose" cannot work,” a9 
DDricich himself very rightly says; "dhe expression in 
question strictly meazs that something works * which 
embodies the purpose in itself"? 

‘As Mathews says, “it is precisely the phenomena of 
memory whlch contrants the‘ biologist at every tam; 
‘but it ie just this phenomenon that the physion chemist 
fever cones across ia is work in the laboratory. Now 
the person who igeoces mexory aod tries to explain merely 
‘the immediate bappesiogs of am organism on « physico- 
‘hail basis "is willy dating bis eyes before, o€ une 
conscionaly neglecting, the most fundamental, te most 
characteristic, the most paling of vital pheaomene.”* 

Tn other words, the true Biologist cannot fl to conser 
the oeganiom aga ‘histori being,” as many writers have 
described it; Historic, not in the sense that its actial 
conektion is simply & conmgvenor of ite past (for that 
ould be sid ofall isorganic bodies), but in the snae that 
te past continue 1 Be apwaiyactow én dhe preset nthe 
form of msemonic accumulations deposited by past 
‘ctvities, so thst the reant organism reflects and repco- 
duces im itell the history ofthe past, 


An objection : who hat tum this eervous energy which és 
astmied at the Basis of fo? 
‘Bot our critics will sey: who has ever soem this parvous 
energy, this special form of exergy which you postulate 


Flas oc Fist tion ot Lie” 
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t the bass of fe? It is pertectly true that no one he 
ever sen it, no one has ever touchod it in his laboratory. 
How could it be otherwise since the physico-chemist has 
im his laboratory instruments which record only Phyvico- 
chemical phevomma? If, instead of the gaivanometer, 
the phyricochenist bad only balanons or thermometers 
coc barometers woold he over be able to repistes an 
lectric current ? 

Only when tbe physiologist bas iavented instruments 
‘capable of recording it, wil ervous enegy become percept- 
ible to his senses, But meanwhile this energy can sil bo 
valvoble as a hypothesis eaabling the facts revealed by 
bvcrvation to be dedsoed and explained, exactly 28 the 
‘Newtonian force of gravity, which mo one has yet sen or 
‘touched in the laboratory, serves asa hypothesis enabllag 
certain terrestrial and celestial movements, seconded by 
obwevation, to be deduced and vo far explained, 

remel made ute of the hypotheait of ether, which a0 
‘one has teen and no instrament can efit, to explain the 
‘various phenomena of light ; and this hypothesis va tae 
explanation in thowtrictestsease, since fom the elementary 
welldefined peoperties. which Fresoel attributed to 
ether we have beea able to deduce al he most fandarsetal 
tand characteristic phenomena flight. We are, therefore, 
juste in chiming the same sight of recognition a8 an 
‘explanatory hypothesis for our theory which endows the 
nervous energy assumed at the basis fife with elementary 
roperties which are equally clearly defined and which 
enable the mest fondamental and chececteristic pheno 
rena of Hie itself to be deduced. The objection that the 
existence of such energy bas not yet bem verified in the 
laboratory is of wo more foree than weold be the objection 
that zo one has yet verified the existence of ether, 

tan engineer ehowd come dows Irom Mars and confant 
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Ihimself to the ovidenos furcished by sight, be would 
certainly deay the existence of the electrical current in a 
Iydrocketzial mill and see, from the waterfall to tbe 
ower supplied by the yzamao-mators, nothing but purely 
smecanical phenomena ; be woald entizely mins the inter- 
rondate link, of electrical energy, which insets iteit 
‘between the initial phenomenon of the watectel and the 
{fazal mechanical pbenomenos ofthe power furnished by the 
dynamo-motor. And the way io which the power bas 
‘been obtained froma the firt mechanical phenomenon, 
‘would remain an enigma, even though be might see 
‘that the pheconeno as a. whcls obeyed the fandamental 
law of the conservation of energy. 

Skrllatly a Martian chemist who lnew nothing of elec- 
trical phenomena would see only cheesicat phenomena a 
slectrolysis; be would equaly fai to ves the interruadiate 
fink of electrical energy whichis the actual ease of the 
Phanamena obuerved. For Bim, too, the way in which 
these phenomena are produced would reratin at enigma, 
‘even though be should see that the laws of chemical com- 
‘ition and decompoaition were not violated. 

So itis with the physico-chemical physiologist : be sees 
‘te inital physico-chemical phenomenon apd the final 
‘Physico-chemical phenamence, both of which are recorded 
by his intramests ; bot the intermediate phenomenon, 
‘which i the real generator ofall tat be see, eacapes him, 
completely and the way in which these phenomena com- 
‘bine and are inter-related remains an mnigma, although be 
ses thatthe fondazzestal laws of enengetice and phyico- 
chemistry bave bene oteerved. 

But ifthe engineer and the chemist from Mars posses, 
‘the power of reasoning they would ser that the hypothesio 
fan elocizical energy endowed with certain dearly defined 
energetic properties fully eccounts for the phenomena 


VITALISTICORNERGETIC soLUTION 137 
‘obverved, that ia other words it explains them, enables 
ham to be deduced and their moet characteristic manifest. 
‘ations tobe forecast. They would then be ready to aonapt 
‘his special form of energy, even though they had 0 
instruments for: registering tt. Why should ot the 
physiologist behave in the same way towards the special 
form of vital energy which also pousises clearly defined 
‘energetic properting, when the bypothessis able to account 
for the most fundamental and characteristic phenomena 
of ie, that ia foe the purposive manifestations, even though 
tno as not yet the instruments which enable him to verify 
its existence ? 


14s aninitic witaliom and ob energetic viteliom which 
discowrages scventific investigation 

‘The well-known accusation which mechanivts quite 
legitimately ring against animistic vitals is that they 
ixcourage sclentie investigation. "Although mechan 
ism,” writes Conklin, “ may not in the last analysis explain 
vital phenomena it is evident that very much of mechan 
istic uature remains to be ditcovered in organisms, and 
the great advantage of mechanism over vitalisn is not 
only hati ie moceiteRigibe, bot elo that i encourages 
scientific investigation, whereas a thoroughgoing belief 
in vitalinm discourages research. "* 

“ Mechanisn,” writes Péron in his turn, is a vigorous 
Savenigating ageocy, a mtr, vtaism a brsiast ooo 
‘trolling ageacy, a brake." 

Raband is even more emphatic: " Vitaist reasoning 
i ppg ic eg hE 

Seay tee en tenn 28 gh at, 
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sents a source of actic.”"—"Though the man of scence 
sees the somplesity of the feld which be is exploring he 
does not alow himeeif to be disheartened by his tas, but 
‘Pushes on isto the unknown, like © pioneer in a virgin 
forest The vitalist, however, i content to believe : his 
‘ith setises him. Evading all work and effort he finds 
(Galiteation in imagising « world fall of myvzrious 
toroes” which give birth to miracles. The case of 
rieach ilustrates thie: Ie was an exellent observer who 
ould have aided the progress of aclence, but one day be 
‘gave in to thie ficulties of his tai; then the entelechy 
‘appeared to him io a dream ; be thought be ew is It the 
solotion which wonld release him from further effects and 
Ihe seized upon it. From that time e bas believed ; very 
‘00m be ceased to work: is entelechy pecbaps has brought 
bhi peace, but it has Coord bis mind to the advanoes of 
science, it has sterilised it and prevented him fs0m cone 
tributing to the growth of kaowiedge.” 

‘To theee accusations, which are ondoubtedly justibed, 
the vitulists might very properly reply that the roechanist 
‘imselt fs often coctent to believe and that his faith not 
‘only maka him a litle too slf-eatis ied when be ought to 
‘be comeing te complete insutficieacy of his supposed. 
explanations, but alio (the cases of Loeb and Raband 
‘being typical in this respect} blinds his mind to such 
degree that the mont evidest facts are hidden fom hint 
andl be is led to deny ever those which are infront of his 
eyes acd, in particalar, the purposive macifestations of 
life, “The waechanist disciples of Loch” waites 
‘iron, "dato the facts in their attempt to demonstrate 
‘the simplicity ofthe immediate physico-chemical mechao- 
fmm of tropism, just as believers io 25 animal spiritual 
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‘quatty give ws improbatle accovats of happenings which 
they say they have witnened.”* 

‘Not only bis, daciplas, Lowever, but Loeb imi? 
‘proves, with bis oversimplified explanations of the 
Tehavioar of lower rgasiams based on the theory of trop- 
fms, to what 2 degree of complacent mental Blindness 
rmechanitn can lead, and bow completely it can Bunt that 
itil spisit which is 20 necessary ifthe experisnentnof 
the laboratory are to be made really fruitful. In this 
respect it yields nothing to the toet mystical form of 
vitaliom, And again it is Loeb hisuelf who shows ws 
that even the term “tropism,” which be uses and abuses 
10 much, is nothing but 2 Aatus vecis to be placed on the 
aame level at the ‘vital impulse’ of Berpion and the 
“ eatelechy ' of Drisch, 

‘The perfectly legitimate change brought aguinet ani- 
ristc vital, that it exercives a deadening and drogeing 
Inuence oa the spsit of investigation, doesnot affect oar 
energetic vitalisra, which, on the contrary, byits clear und 
precise hypothesis fa special form of vita exergy eidowed 
with welldefined elementary propertics, encourages 
‘numerous lines of iavestigatioe and experimentation. Wa 
hall confine oonelves to mentioning only the chiet of 
theee, and expecially thase which arc directed towards 
controling either by verication or refutation, the equally 
oar and peecise deductions which fellow from this hypo- 
‘thesis 
A new series of experimnnis swgzesik by ter hypotbeis 

‘We shall confine oureves to discossing here as briefly a8 
‘possible same of the most typical experimente suggested 
‘by out conception of Bile, systematically arranged in 

em at 
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counection with the various clases of biiogical and 
pepehioal phmomens to which it spies. 

‘Thus forexample, our explanation ofthe mostelementary 
‘phecomona of if, such e3 enimiation and metabolism, 
is of a kind to stimulate attempts towards ascertaining 
and probably to cocourage new ways of ascertaining, 
‘whether assimilation is really a selective process and how 
the choice of the particular radieals or atomic groups, 
‘which bave to build up again tine specific pat of the ving 
substance destroyed, tales place ; similarly it prompts ut 
to establish definitely whether metabolian is really an 
energetic process in a stationary state, thet is whether all 
‘tn manifestations (consumption of gven substances and 
‘the prodactian of waste matter) are constant in time. 

In addition, accarding to our hypothesis metabotiom 
fsa process of a vibratory nature; this can be verified by 
means of experiments simibr to thowe performed by 
Engelmann, who bas shows that the colours of the 
spectrum which are the mort completely abvorded by 
‘certain bactetia are those which ate shost favourable to 
‘heir metabo. Attempts could then be made to dis- 
oetr whether each spicitety of actaboliom han a 
vibratory period ofits own. 

‘Our tiypothesis of a central sone of development could 
lead to-a whole series of experiments on the development 
‘of multi-celislar ongasisms, similar ix certain respects 
‘to thoes of cutting infuseia into pleces, which have proved 
‘that the nucleus acts as a true central zone of development 
fn all usiclularunimals. These experiments would have 
to be conducted in a way which would prove either the 
‘sistance or the noc-asistence of euch & oectral zane of 
development and thea, if « positive result were attained, it 
‘woeld have to be ascertained wether the place which we 
Ihave ansigne to this sone isin accordance wath facta, To 
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this category of experiments belong, for example, thote 
fon the influence exerted by the nervous syetam, or by 
certain of ts parts, on generation end regeneration 
(recorded in several cambers of the Archiv fr Enbvih.” 
angomechanit der Organiomen}, these of Speman on titeas 
and on certain star-Ssh, which lave proved the existence 
ofthe tra central zone of development in these organisms, 
and many similar ones, which might for the foture be mere 
systematically directed towards this particular purpose of 
‘verification. 

‘Aguln, according to our centroepigenctic bypothesis, 
ontogenetic stimulation i simply the rstitation or repro- 
Auction, by internal cames, of the functional stimulation 
‘Which, fa the past, exerted the same plasnaticaction which 
‘the ontogenetic stiiulation now exercises In connection 
swith this question we resaember that namerous observa 
‘Sook and experiments which Rave already been made 
argue in favoor ofa gradual end smocth passage from th 
embryonic period to the funetional peried (to te Rows’ 
‘twrmninology), thats, to favour ofan imparceptibly gradual 
substitution of functional stimulation for ontogenetic 
timation, We ore thus led to assume that daring & 
certain period of development the two stimulations acted 
simultaneously and together, a if they were of he same 
nature. Bat imnamerable cther experiments can and 
caught to be made for the same purpose, to show, that is, 
the complete identity of tha two emulations 

This centro-<pigenetic hypothesis {according to which 
he central zone of development is the trse place of the 
origi and the emission of the gerinal sotstance which is 
subsequently received and ferther elaborated bythe cells 
of the sexs oan wich «et of that epi, 

Seite or M Phetine of den chi, 
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are changed from somatic into sexual cells) sa stimalusto 
investiqaioe into the uctoa! origin of geminal substance 
tnd into the ways by which the latter is carried from the 
central zane of development tothe sexeal oegans ; it might 
also encourage further snd more eccurate observation of 
‘the proce of synapais, which tales place at the moment of 
what we call the ‘ maturation *of the egg and the sperma- 
‘tozoon, and so enable us to decide whether it can be inter- 
preted tsa redjustaneat of the germinal sobstanot in tha 
calls of the sexual organ, which, out of so many others, 
Ihave by chance reeived it and hence arrived at * matur- 
tion,’ that is, been changed fram somatic isto sexual els, 

‘ur conception ofthe geeminal substance a9 a columnar 
stratification along the axis of the chromovonies of fucoes- 
five specific accumulations, each of whieh represents a 
given phylogenetic stage and at the same time determines 
the corresponding ontogenetic stage, has already been 

sbatantinted by the fact that the chromosomes often 
appear to be composed of superimposed dises rather like 
‘a peckiae, of, more neary, like the fst oluinnar pile of 
Volta. But further observation might lend to fen 
‘idence oa tis point. 

Our suggested explanation of the purposivencss of the 
Phenoment of pre-established adaptation, in which these 
‘Phenomena are interpreted as the result ofthe hereditary 
‘rapsmission of new adaptatioos, is ofa kind toleadto new 
experiments os the transmissbiity of acquired character, 
ferent from previous ones in that they would have ta 
fim, frst of all, ot prodocing wwry deer and Fealiend 
‘Phmomena of ses sdapietion, One experiment, for 
{nstanee, which we have already suggested toa number of 
eminent biologists, would consist in fixing by means of 
ins two vary Bight shmninium rings to any two vertebra 
“fatways the same in successive experiments) of a mt’s 
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or & guinee-pig’s tal, and thea placing between the two 
sings spring which would tend to stretch them apart 
or bring them together. After this contrivance had been 
‘Exod the animal could again be set free. Tt would then 
semaio to be seen whether this extemal inflence, resent 
‘throughout the whole of the animal's lle and tending to 
lengthen o shorten its til, would prodsce this elect ee 
not, Thea, repeating this experiment upon 1 long series 
of generations, it could be seen whether in the last gener- 
‘tion animals would be obtained which, although the 
‘mechanical influence in question had ceased, possessed on 
an average a longer or shorter tail in comparison with the 
‘normal meanarement ofthe species, 

‘Another experiment of the same type would consist in 
‘ringing a constant pressure to bear on a given paint of 
the skull by means of a uitable aluminium cup fixed pers 
rmanently on the animay’s bead, and discovering, a in the 
previous ease, whether, whes the experiment had been 
repeated ofer «long series of generations, the new morpho. 
logical adaptation resalting were transmitted ia whale oF 
in part to the lat generation, which would be freed from 
all preseore, 

Experiments of this lind—producing, we repeat, new 
morphological adaptations of « dlr and ericly local 
nature and admitting of exeet mearuremod—are the only 
fest which can constitute the trur experimentwm crvots, 
capable of giving 1 defistive solution to the problem of 
the transmissibility or non-trassmissibility of soquired 
characters, On the contrary, this problem will pever be 
selved so lang a8 the new adaptations to be transmitted, 
fantead of being weltdefead, wry sear, rity located 
and exactiy meattrabe, are waieied physiological modi- 
feations of a general order, which may be prodased at the 
tame time in all the cll of the organics and therefore in 
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he germinal cela also, which woukd thon transmit their 
om modifications and not thove of the soma, 

‘Again our hypothesis concerning the nature of new 
‘adaptation suggests new experiments which, so far as We 
‘know, have not yet been tried. Does every phenomenon 
‘of new adaptation in respocse to an usaocustitued exter 
agent acting on the organism begin, as we suppose, with & 
Aisturbancr of the stationery state, that isto say ith the 
appearance of a secesion af dtsimilative and uesimilative 
phases which are all diferent from each other, instead of 
being similar us they are when the metabolism is in a 
stationary condition ? And docs new adaptation Consist, 
fs oar Bypotheais amumes, either in a return to the 
preceding sationary condition, or in the estabisshment of 
‘a ew ove, asa result of the chance production of a pare 
‘Heular substance which is able to neutralize the disterbing 
‘agent or involve it in the new metabolic proorss? Such 
sre the questions which can be settled by exact investi- 
‘ation, not easy. itis true, and requiring careful andiing, 
but stilt posible. Even if this imveatigation might only 
Dear for the moment en the variance or won-rariance in 
‘nme, during the phases of non-tationsry unrest and 
stationary rest respectively, of the consumption ot pro- 
Guction of certain subetances, yet the proof or exhibition 
of these phases which woud thas follow, the verification 
of the longer or shorter duration of the non-stationary 
phase of unrest and the constant fine} appearance of the 
‘other phase of rantabolic stability, would be ofthe highest 
Importance and would argue strongly in support of our 
lnypotiesis—~eopectally if iter experiments should mccred 
in demonstrating the presence of a foversh teanperature 
uring allstateso noa-statioonry onrest, for this would 
De a confinaation of the mainly iasntlative nature of 
(his state, 
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After the well;inown ani accurate observations and 
experiments of Jennings Hite remeins to be dove in order 
‘to demonstrate purposivenes ofthe bebs vou of the lower 
crganinna, Any, however, which might serve to prove, 
4d abondextian, the inadzsinsibity of Lochs explanation 
‘based on the theory of tropism would nat be useless. Still 
mote usefol would be any which beought into greeter 
prominence the phesomena of memory, the capacity for 
Profiting by experience, and the presesce of allective 
preferences, oven in unicllalar and Use lowest maltiel ular 
‘ongesisms although they have 0 nervous syste, as 
Jennings has already iefutaby shown, 

Experiments designed to bring out the phenomena of 
rnemory, learning and affective preference sn wales 
‘fe would be exeredgly valuable. We wil only say bers 
that certain experiments on the yeruistence, after the 
Teestablishment of norma conditions, of certain new 
rythmes in plants produced by an artificial alternation of 
fight and darkness, have already proved the existence of 
phenomesa of memary in the vegetable Kingdom ; and 
‘that in ou essay on the rneronc origin and nature of the 
aective tendencies we were able to quote experiments 
demanstrating the production in elementary vegetable 
organisa of new aflective tendencies following upon & 
permanent change in their environment. Other very 
Interesting experiments on the ‘nervous’ behavior of 
plants are the well known cocs of Sir Francis Darwin, 
Prof. G. Habeclandt, and the indian scientist Sie Jogandts 
Chander Bose. 

‘Our theory coacerning the reflexes ant inttinets is of 
‘a bind to escourage experiments making still Cearer both 
‘their umemonie asters and the anelogy between the way 
in which they are released and the maemonic evocation of 
‘eas, Time might very profitably be speat in mult- 
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‘iving the very sugyestiveintanors rating tothe reenss 
and tostincts, which itis to Semon’s gest credit to have 
Trought together, ia ocder 20 prove thelr exsentially 
amesponic nature, 0 a8 to baild up an imposing aay of 
{cts which woald open the eye even of those who obiin- 
ately kerp them closed. 

Tn its tor, our hypothesis relating to the maerzonic 
cvign and nature of the afective tendencies muggests & 
vscies of experiments with the object of stimulating ati- 
folly in animals (and even io plants) now affective 
tendencies, new peelerences and sew choles in addition 
to ot as sbatitute for their innate tendencies, prelerencea 
and choices. 

Te alo suggests a whole new series of experiments with 
reference to the transaisttibty of acquired characters. 
Attempts might be made, for instance, gradually to 
‘cocustom an animal to nw conditions of eaviroament 
{ngeneral oe to new conditions of diet in particular. Thus 
‘We might try to make « particular caterpillar prefer the 
leaves of certain plants rather than thoes which it and its 
specieo normally eat; or again, we might try to acostomn 
panicalar Rerbivorus animals to a meat let or 
amivorous animals toa vegetable det, and soon, Tour 
theory Incorrect the anizsls would ed by prclecnng the 
ew envicooment or the new diet to the old. If then 
‘hese experizients were continoed over a Jong seras of 
ieratons, the new environmental condition» and the 
dew diets ought eventually, if the trenscisiblity of 
noquired characters realy cxsts, 10 be sponienenaly 
rsfeed, that is without any prolminery individual 
Jeaming, by the distant descendants ofthese animals, 

‘And, mersover, supposing oor hypothesis ai to the 
smseronic origin and ature of the afectve tendencies 
toe correct, there flows frame ta whole series of enaloges 
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between affective evocations and sessoria) evocation, 
between affective succestions and inhibitions and soci 
sions and inhibitions of ideas, which might be brought to 
clearer view by objective experiment and introspection, 
The ettotianal effects of music and the very mature of ths 
latter as a ‘releaser’ of feeling might ceceive new 
light trom these analogies. 

‘According to our theory of specie accumolation a9 
applied tosensory evocations every memory ofa sensation 
4s only the reproduction, thanks to the discharge of the 
corresponding specific accumalation, of the same specific 
‘ervons carrent which in the past deposited thi specific 
ficcumulation and which now, a3 current of discharge, 
Proceeds in a direction oppaste to that ef the carespond- 
ng current of chazge. Now allthis és capable of expeci- 
‘mental verifcation. This verification, moreover, baa 
already been carried out, a8 we have mentioned elsewhere 
fn. peevioas work, in Wundt's well-known experiment (in 
which the calling up ofa vivid memory ofa given colour, 
whilst the observer gazes focedly at a white surface oF & 
‘white figure, produces i the object gazed at the appears 
ance of the complementary colon) and by other sinilar 
cexprriments soggested by it. Experiments of the same 
kind could be devised and cared out fa thor spheres of 
Physiological activity besides that of sight. 

‘The specificity of nervous currents which we have 
‘assumed (and it wil be reanesibered that, eccarding to 
‘our hypothesis, each nervous current is mds up of & 
umber of ‘nervions’ of equal energtic capacity, 
Aliferent trom that ofthe "nervicns’ of other currents of 
Afferent specfeity) fords us an explanation, as we have 
shown in previows works, of the mecheniom of the atsocar 
tion of ideas and inhibition. This mechaniom is similar 
to thst which we should have in a network of distribution 
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‘of electrical exeray if the Knots of its meshes were 
laced electric accumulators, each able to produce—by an. 
Ihypothmis not sctaally reallmble—an electric current 
only of 2 delerminad inbmsity. Each of these clctrical 
ccumalators, even if it were constant inmerted in the 
renit, could discharge itself only when the electro. 
energetic conditions of its immediate environment were 
such 93 toallow the discharge at this point of chat intenity 
of current (this wosld correspond to paychicestocatizn) 5 
‘whit it would not discharge itsell, oven if ingerted in the 
Greait, when the intensity of curent, allowed to exist in 
this point by the electro-nergetic conditions of the 
‘tmmediate environmental pottion of the circuit, were 
diderent from that unique iatenity which, by hypothesis, 
‘this accumolatoc would be able to give (this would corres: 
[ond to peyehic inition). 

This hypothesis, as we have seen, explain all the madal- 
ities of the phenomense of aswociation oF soccesion of ideas 
{in which inhibition plays x0 great a part, and, inversely, 
‘tov modalities fully confi our bypoteia, But if this 
‘Phenomenon of mental aseociation and inhibition i further 
‘exmined with the precise object of verifying the 
‘mechanism which we assume to be st its busi, sew and 
mare exact confirmation might be obtained. 

Other consequences tellowing from this same hypotbesis 
‘an be submitted to the contral of experizpent and obeerva- 
tion. Thus the assumption that the specificity of diferent 
‘ervour curreats consists solely in the specific energetic 
capacity of their oomtituent elements suggests the 
‘possiblity that when a current releases instead of inhibit. 
ing another curren, it may strengthen or, to we the 
terin which Sherrington applies to refexes, "impinge on’ 
te currect which it bas released ; in other word, it ia 
poosibie that the necro-dynamical energy of one of the 
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‘currents serves to angment the zeuro-dynamical exergy of 
‘the other: “The lations of matual dependence existing 
‘between the nervous elements," says Wand, "which are 
‘such thatthe nervous bres play at one and the same tie 
‘thereof conductors of excitations and that of distributors 
cof energetic forees, cause it to happen thet whenever a1 
Activation of energy takes place in any part of this system, 
the quanliy of tis energy $s dlermied wat only by its on. 
sora but aes y that ofthe nekgMtonring elomenis which also 
‘produce esrgy." 

Ostwald himself obverves tbat the quaatity of energy 
released always depends not only on the quantity of 
‘energy stored and capable of being frend (" von dem Ener 
Gevorrath der rir Ausiéoung Berit it ”} but also on the 
quantity of releasing exergy ("von dem Betrage der 
susldeenden Nervenenerge ")* 
= When we take into consideration thee " reciprocal 
newodynamial in@aences — ¢" Newrodynarischea 
Wechselwirkangen "), as Wand calls thers, that i¢ tbe 
supplementary energy coming ftom the releasing nervous 
accumulations and serving to increase a given quantity of 
‘released energy, we can begin to understand, for exarpls, 
‘the exrzema vividness of certain sensory evocations in 
hrallacaations. “In sermnambatism properly so-called.” 
‘writes Wunde, itis unguesticuably a case of an exagger- 
ated excitability ofthe sensory centres which gives images 
an hallucinatory character. We can, without much fear 
‘of being mistaken, attcibate the cause of this exaggerated 
excitability to reciprocal neuro-dynamie influences. 

‘Ths we saw that in ocder to explain omtuin modalities 
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and fects of attention we had to esmume & spal and 
cfletive ‘reinforcement’ of the sensory evocation by 
the allective tendency which rleased it; the amount of 
this reinforcement being in proportion to the intenuty of 
the affective tendency: 

By placing nervous energy at the bass of all the 
‘phenomena of lle we obtain an explanation of the fact 
‘hat the nervous exergy of the motor or voluntary centres 
does not confine ilseli to * releasing” the apeciic eneray 
stored in the muscular fibres, bat ako contributes ia many 
cases to srenghening, yt ation, the marr 
ctfects themaclves, This we see exemplified in experi 
tents in which the intervention of cvebalfanevaton, 
‘hat is of a great voluntary effet, always succeeds in 
Tringing about « new and lasting contraction even af a 
muscle wora out or exhausted by « prolooged faradaic 
cexcitation.* 

‘We see this again in certain hysterical subjects who, bs 
fe encemous ontpat of nervous rather than ssuseula 
energy, swcceed in bending the irom bars on their beds 
“Xt is incontestable.” Morel weites, “that ander thy 
influence of nervous excitation there is a tremendow, 
fncreage of muscular strength."—"T have seen,” write 
Pinel,“ examples ofthe development of an almost mirnct 
ous strength, when the strongest fetter yielded befor 
the efforts of a maniac with an eate which was even mot 
astonishing than the degree of the resistance overcome,"~ 
There in tremendous development of muscular strengt 
in some maniacs,” says Eaquirct; ” we bave seen somes 
them carrying the heaviest weights, bursting thrangh tt 
strongest bonds, and throwing down several men who we! 

1 5, ign, Pty of Rainy, Latent 1, Pr 
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‘eying to hold them." Under the intvence therefore, 
of certain modifications in the condition of the nervous 
system of sick person,” Morel concludes, great stimo- 
Jetion aa a result of the discharge of large quantities of 
nervous energy) and 2 considerable increase of muscular 
strength may develop in him. "= 

From these and similar iostances we can see what a 
umber of new and interesting experiments and obverva- 
tions might arse from these exchanges of supplementary 
supplies of neuro-iynanscal exergy which, far trom being 
confined to the impingerents of reflexsa upon ome anther 
(oo aby suuded by Sherrington, can be extended, thanks 
to our hypothesis which makes nervous encrgy the baa 
of Me, to all vital activities whatever their physiological 
dlileences 

Hering bimelt, sercover, gives us a most instractive 
‘example of the way to which observation and experiment- 
ation, when brought to bear on the Behaviour of the 
‘nervous manifestations of man and supplemented by 
intowpection, enable us to venture an hypothesis an the 
‘ature and the properties of meryous curents and their 
spaciie accumulations; 20 that our lypothesis, which 
endeavours co define the nature and the properties ofthese 
space accumulations, cannot fail to become init tam a 
stinnulus to new observations and new expeciments, We 
non for example, that he admits that theres” more than 
coe proces in the same morpbalogial cement and more 
‘than one conducting proces in the corresponding fee"; 
in other words, be admits not only that the various oxia 
of the nervous systea: may be the seat of qualitatively 
dilorent nervous excitations, bot also that in one and the 
sume cell numerous and varius specificities of excitations 
may be produced, and that each nervous fibre or fibril 

» A Mar, rel et malin mena, Pa 80, 9. 286-2. 
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nd fects of attention we bad to assume « sal and 
fictive ‘reinforcement’ of the smcsory evocation by 
the affective tendency which released it; the amount of 
this reinfovozment being in proportion to the intensty of 
(he affective tendency? 

By placing nerevus energy at the basis of all the 
phenomena of life we obtain ac explanation of the fact 
that the pervous energy ofthe motor or voluntary centres 
oes not confine itself to ‘ releaing * the epedise energy 
stored in the magcolar fibres, but alo contributes in many 
tons to strengthening, by its addition, the muscular 
cficets themacives, This we see exemplified in experi- 
ments in which the intervention of cerebeal innervation, 
that io of a great voluntary eflrt, always succeeds in 
bringing about « new and lasting contraction even of & 
‘mumde wora out or exhausted by « prolonged faradaie 
excitation 

‘We ton this nga in certain hysterical abjects who, by 
‘a9 enormous outpst of nervous rather than muscular 
‘energy, succeed in bending the irom bars on their beds, 
“Te is incontestable,” Morel writen, “that under the 
infoeace of nervous excitation Unere is a tremendous 
increase of emuscalar strength.’ —" I bave vosn,” sites 
Pinel," examples ofthe developroeat of an almost exiract- 
Jona strengtb, when the strongrt fetere yielded before 
‘the eflorts of a masiae with an ease which was even core 
Artooishing than the degree of the resistance overeotie."— 
* There i a tremendous developraent of muscular strengts 
{in some maniacs,” says Esquivel; “" we bave seen some of 
them carrying the heaviest weights, bursting through the 
strongest bonds, and throwing down vevera! wen who were 
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tuying to bold then." Under the inflaenc.therefore, 
af cmrtain masications in the condition of the weve 
ayten ofa sick person.” More! concludes," great tna. 
lation (a a cert of the diacharge of large quantities of 
nervous energy) and s considerable increase of muscular 
strength may develop in him."* 

From these and simiar ineances we can dee what a 
srumber of new apd interesting exprzimenta end obecrva- 
‘oes might arise feom these exchanges of supplementary 
supplies of neuro-dymamical cnergy which, far fom beng 
‘onfted tothe imprageents of tenes wpon one another 
{90 ably studied by Sherrington}, can be extended, thanks 
tour hypottesis which makes nervom energy the bait 
of hle, coal viel aeivtea whatever thee pyseogical 
Aierences 

‘Hering himself, moreover, gives us ¢ most instroctive 
example of the way im which observation snd experiment- 
ation, when brought to bear on the behaviour of the 
‘nervous manfestatons of man and snppiemented by 
introepection, enable us to venta an hypothesis on the 
ratare and the properties of necoour corents ane thelr 
spite accualations ; x0 that oar hypothess, which 
srideavour to define the sature and the propertie of these 
‘pele scaomelations, cat alto become in is tara a 
tims to new observations and new expeimets, We 
now forexample that beadaeathat there" orethas 
cone process inthe ame morphological cement and snare 
than one condacting proces in the cereszonding fee: 
in other words, be admits not oaly that the various ols 
ofthe nervous system ray be the seat of quabtatively 
Aiferent nevoss excitations bot alo that ia one aod the 
sain ell numerous ed various species of excitations 
ray be produced, and that cach vervous fibre oF fit 

* a Mand Pa malin met, Pi, 8 6-7 
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may be socoesively travened by mumeross nervous 
carrats of diferent specificities? 

‘Thi in in complete secoedance with our hypothanis 
‘whlch recognizes the posit of the sucossve depositing 
in single unclear, whether of « somatic or of = nervous 
‘al, of a mumber of dierent specific eccumiations, and. 
‘which even considers the nucleus of germinal cell as being. 
some op af « great aesther of spcise rocomulations, all 
(ilerent and each repeating ned determaning 4 definite 
‘ontogenetic stage 

‘The ame emineat physiologist goes so far as to afhrra 
‘hat in a singe element of the retion ayn of ight baving 
erent numbers af vibrations can give cise to diferent 
processes,” view contrary to that ofthe slioo! of Hel 
halts, widch will Rolds to the “theory of cerebral ells 
‘each perotiving only red, or green, of vieket.”* 

In oar interpretation, these “ diferent proorwes.” 
srimalated in i tingle element of the retina, are enly $0 
many nervous currents of diferent specificities, each of 
‘which ie prcooed by 1 corresponding upecise ray of light 
of a given frequency of vibration : these currents deposit- 
ing i their respective sensory ontres corresponding 
specific sacumulations, which, being subsequently re- 
ectivated, produce the moemonic evocations of these 


For this reason, according to Hering’s view, not only is 
‘each nervous cll or each nearone, as we have seen, capable 
of giving several ' Regungen,’ that is, vera pecially 
tiflcent excitations, bat in each neurone new speciic 
‘enargies can, during the life of un individual, be wided to 
‘the inherited specific energies. And theve specific comes, 
as end ed soe ers Bt 

Foy Der Meet. copes: 20 Their 
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\geendty activate cach other, scomding to the specificity of 
the other specilc excitations which ata given moment are 
sctive in the vervous syuteza* 

‘This again fits in with our thoory that coatinually new 
specific accumulations, al different from one enotier, 
ay be progzessively deposited in cach sewrope, and for, 
by their reactivation, the oomespondig * Regungen af 
‘he mewroe. Tt also contims our explanation of the 
sauociation of ideas ane of all other nervous and physio: 
logical activities ix general or of thie reciprocalahitition, 
fs being dependent on the particular suro-dynanical 
condition wich ia dominant in the immedinte neighbour: 
‘hood of each particular specific accumulation, 

‘ering’ theories as tothe ways io which nervous enengy 
(toctions and behaves were the fruits of cantinoed observa 
tion and experimentation, That when taken as a whole 
(hey are vo nealy in agreement with those which we have 
decluced dieetly from ous hypothesis of specie aacumals- 
ion (which Hering, bowever, did not know), is proof 
of the fact that our deductions are eminently suited for 
experimental verification, i tis carried out in the sprit 
of reasoned criticisms which can alooe give significance to 
ceaperinents and make thers reveal the wcrets of nate, 

‘Finally, this bypothesis which postulates nervous energy 
as the bass of ie, s rejected, as we have see, by mechan- 
isthe phynilogists simply because the instraments they 
have can only register physico-chemical energies. Tt 
cnght, therefore to stizmulate those physologits who are 
fully amare of the complete inadequacy of their instra- 
meats when the most profound manifestations of fife are 
to be examinad, to try to nd new instruments suitable for 
(ue and proper biclogica! investigation, tht isto employ 
[ving organize or surviving parts of Gand organism which 

1 tag, far Tera Hereaage p. 286 A 
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‘eave been seperated or isolated in sonte wry and which 
‘ought ta be rendered capable of revealing the strictly wital 
munifetations which inevitably exoxpe instruments 
designed merely for the recording of texaperatures, calocies, 
Phenomesa of light, electric currents end other similar 
‘Manifestations of the inorganic world. 

‘in cunciuding this very brie! account ofthe experiments 
‘which our theory of energetic vitals might suggest, We 
‘an only expres the hope that a the very ast anechanlats 
‘wil mot veature to level aguiot i the criticism which they 
quite legtioately bing against animistic vitalist theories; 
far trom having a weakening or deadeaing eflect on the 
Ireen pst of investigation we sce that it cannot bot 
simulate and encourage this sprit to an inGnitely greatet 
extent than the mechasitic theory which st ita eyes 
‘to all vital phenooieca which are oot of « purely and 
‘narrowly physico-chemical nature 


Our hypothesis concerning the nasure of tife stands therefore 
8 4 hafsey tory whic is calle of sting the age 
ona convey etme eis and machen 
‘Even Bayliss, extreme mechanist though he is, admits 

‘that thn energetic vita of ours caasot be eitcioed 

con the ground that it dregs the mind ofthe investigator 

‘with empty words and thes deprives him ofall trast 

‘to farther research.“ Belief in a * vital principle,’ untess 

a guarded against as to play no part in the siewikec 

‘outlook of an investigate, ia early dangerous, in that it 

‘woud tend to bring coutentinent at a tage in research 

when further work might resalt in greater simplification.’ 

“But an objection of this Kind doe not apply 10 what 
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aight be called 2 mild foem of sitainm, tg which it ie 
todd that there is to be found in living organiams 
form of energy not wet with ix the non-tving. ft seems 
to be admitted by those who advocate this view thatthe 
particular form of energy ic question obeys the Laws of 
energetics and can thas be measured by trersfocmation 
{ato hoxt or other known forms. The fact that we have no 
fostrament by which t can be measured directly is vot a 
terioas angorect aguinst its existence, since we have mo 
direct means of measuring chemical energy." 

‘To postalate& form of energy diferent trom ioorganie 
forms ee to dedvoe frre this hypothesis rests adeiting 
cof experimental verifcation i Got “to fall back pon 
mystical tendencies,” as Pion expresses it fan indkt- 
rut which is perfectly legitimate 10 Joog ax it i 
confced (0 animistic vitalsm), but rather to remain 
faitfol to the most strictly scienife and postive spre 
‘while to formulate this exact hypothesis upon te element - 
ary properties ofthis new form of energy wich is assumed 
to be at the bass of ie isin no weny a" abandonment, 
to recall Rabaud's criticism, nor “a divergence fom 
scien reasoning which iss source of action.” Scientints 
have been oblige to postulate «new form of eaergy in the 
‘ase of amber which, when rubbed, attract peoes of 
Paper io itself in order so explain this phenomenon whic 
iso diierent from anythioy olmerved Ui then in oedinary 
fatural bodies, Kabwed would, I teust, admit that 
(his hypothesis, far from cepreventiog 2 worrender, has 
Decome a new and an extremely fretful soure of activity 
ow can we thes, on scientific grounds, deny the weosnity 
for an asalogous procedure in ordes to expla an erential 
property. she purposive property, which as we have seen, 
fs comman to 2 charly deSned calegury of ature! 

Bayi th” Wl” pp. a8 90 ae 
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fodies and, oo the other hand, is absent io fiften 
bodies? 

‘The assertion made ty Anthony concerning vitalism 
in geoeral, namily that it ends by absteacting ving 
smattar from the petocple of caxsaity, kei dons ot 
‘pply to our energetic vital. “It i way tn peri, 
‘rites thie aathor, that vitaliza can i mo way be Sted 
into the deinition of scence asx causal explaoation of the 
civert, Te always ends by withdreing living matter 
‘oum the pincpe of causality a from is immediate asd 








soooreds, op the contrary, in giving « caus! and deter~ 
sminiatic explanation, solely by means of forces a Serge, of 
all che purposive manifestations of Rfe, by substituting for 
*fwal canaes,’ which are inadmisabie in seience, act 
canses which bold throughout the rest of nature 
Far from withdrawing, vital phecormona from deter- 
2.01 conception of life, Because ofits theory of tho 
+ origin and nature of all the ‘tendencies * of 
‘the oryuniem, whether organic oc afective or intellectual, 
extends ite valicty to the whole biotogical and paychor 
Jogical sphere, so that it covers even thove cases in which 
‘he facts sight soem to he at variance with detereniniam 
4 when, for instance, ontogenetic development or piyton 
logical reactions of animal behaviour or man's conduct 
‘prevent dierenees fern one ease to another although all 
‘the conditions af the phenomenon appear identical. Our 
‘theory gives an unqualified explanstion of all these cases: 
by taking ita scouat the great cumber and vasiety of 
{nividaa! macmonic accumulations, epecilly thoes of un 
atiective character, which makes the slightest external or 
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(rcerna fereces saficent to activate sonetizen the 
ne and woretimes the other. 

‘Nor ip oor comgeic vitaiom i there any opposition 
between vital laws and mechsnical, physical and chemical: 
law. This opposition ia preset, bowewr, bo the ideas 
prevalent among animistic vitaits: “The principle of 
vitulioan,” Gley writes, “ kept ita foroc even when the 
XIX cencary was well advanced. For Miler asd 
inti, an for Cover and many other, itis quite pow: 
site that living bok are under the inonoe ofthe ate 
physico-chemical forces as those which are active in 
Anorguic nature, bat thre exo & force by which the 
processes which go on is these bodies receive a different 
Itmpusion foes that wbich they would Rave received out 
side these organisms ; this free knows ai the sees of 
hyical and chemical forces nnd it acts tm coy wide 
them a6 the cause aod regalator ofa the phenome of 
‘the living being.”* 

Nothing of this is applicable to enengetic vitalism, of 
vrtich we ean simpy say hat when. in secordance with the 
Jaws of energetics, the inorganic forms of energy making 
up the external ratritive, sticsative envionment are 
‘transformed into the form of energy pocubar toe, the 
Inter from that moroent follows its oma ews, just a5 the 
clecrical emcgy. into which the mectanical energy fom 
state Swing into the tmbines i changed obey ite own 
law 

‘Thus although the accusations of being at variance with 
physico-chemical laws, with detcrminism, with the 
‘principle of eanaity and the basic laws of energetic, and 
of exsuming for ide concepts which oppota and contradict 
the tort incontestable truths of science, have ba jastl- 
£5, Gig, “te wntene. Er don sont” Sein 
JAG aS 
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‘ably rvelled eqns animistic or meyatia! vital theories 
Gato which category thet of Driech with its mysterious 
‘and pebuloas entelechy unquestionsbly fas), yet they do 
‘aot in any way aflec: our vitallsico-energetic hypothesis, 
If 2 fall reuisation of the anti-scentific nature of any 
sitempt to explain the indisputable purposive masfesta- 
toms of lile by the doctrine of "fin cumes’ ia reached, 
‘then it wil be scen that the introduction by oar energetic 
‘vitalam of special form of energy vith well-defined 
edementary popertio & maiie precisely ic order that we 
may give a strictly causal and deterministic explanation 
of the purpasireorss af lite—a thing which is impossible 
10 Jong as we adbere to pkysico-chemica energes alone, 

Oar hypothesis, therefore, escapes both the criticisras 
which the vitalists quite properly bring againat the 
‘mechanias when they aay that the latter cannot account 
foe the most fundazoents) manifestations of life, and thou 
‘which the mechanists just as property tring against the 
vitaiste when tbey aay that tbeir ovetaphysical entities 
which aresnere verbal expressions, donot explain anything. 
‘This ryputheais of ours springs, indeed, foes a recognition 
of the jvatice of the criticoms of both sides, and is an 
attempt to meet both of ther. 

Ut seprevents coneegaantly an attempt at reconeitation. 
‘an intermediate theory which is capable of Bringing to 9 
conclonion the agedong controversy between vitals and 
oechanists. 
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MAN'S PLACE 18 TIE UNEVERSE AND TE MEW MORALITY 


OF $RE HARMONY OF LIFE 
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sehasieng which emerges trom oar biological synthe, we 


petty, that is oa the fact that it isin bite and only i life 


ive, the particular 
the sole cause of 
it cleanly follows 
which ceeults from 


‘that a particular form of energy is act 
‘energetic characteristics of which are 
‘these parpocive manifestations, then 
‘that to the biological purposiveness 
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‘this munemonic property thee ext be opposed 3 no0- 
‘Porposivenes ofthe inorpaac world, thst ino! the Universe 
aaa whale, 

‘We can tat realise the inevitable futilty of every 
attempt, from the fist exyetical and anoertain gropings 
ct philosophical speculates. to the great metaphysical 
srystems of the greatest thinkers of past centuries, to dix 
‘caver the goal towards which the Univere is tending, oF 
‘the mysterioas design of tbe supreme divine master wien 
Ibe created the Universe and imparted to it constant and 
ctemal movement. A truitles search, indeed, because the 
Univer as a whol isnot teleological, it aw no parpoee 
in View, it tends towards no end, for the ssmple reason 
‘that che particular form of energy which isthe sole source 
‘of every purposive taritestation is active only in its 
totogical section. 

‘Bat though it is utterly useless to look for the teeolo- 
iam or the end othe purpose of the Universe ata whole, 
‘we can profitably and with the greatest hopes of success 
took foc the telalogiam os the end of the purpose of that 
part of the Universe constituted by lif, which alone is 
‘ariuated by this poricalar form of energy which imbues 
‘with purponiveneas every cne of its manifestations. 

‘From the Gest uncertain and tentative efforts of 
_wntoroed peiasordal protoplasm to the moet compen and 
Derfact vertebeates the Diclogic! finakam which we ste 
fast at work isles single Reiss of ide an a wince than 
‘© cootirua! and chaotic outburst of particular Salim 
lashing violently one against another nd destroying 
‘each ofher. This results from the fect that inthis it 
tind of eeganie eveetion each ceganiss, bocanse of ita 
‘own nacrom naliam, strives only fr its own conservation 
‘in opposition to and, if need be, at the expease of 1 tbe 
other organic units, which at the same time are striving 


‘coxcLusiog ar 
{ut ss eagerly fr the reatentian of their own pasticalit 
orposes. . 
‘Then trom this unceasing xnd violent chaotic clash of 
individual malas co-erdhnation was dowiy and grdnally 
‘evolved es a remut of the development of increasingly 
complex organic wits tm which countless myzinds of 
‘elementary Vital palations cume into accord and began to 
supplement tach othec. Whearver two particalar Saal 
jms instead of clashing began, even though in a purely 
{ortuitous fashion, to harmonize, then ipso facto they 
‘worked together to maintain and perfect this hammooy, 
‘Stmply because this latter was satisfying to both of them. 
‘At the same time the harmony thas established between 
the two elements, acting a a conserving and coasolidaing 
factar ofboth ther Aves, consticuted for them as element 
‘of succens in the guveral struggle for lite 
Finatly, with the origin of man, with the appearance and 
development ofthis very lord of lie, the slow and gradoa! 
‘coordination of single chaotic finalists, culminating in 
‘be formation of harmonious organic wholes, passed rom 
‘he realm of simple biological individuality, in which it 
‘nested itself in the creation of morc and nore complex 
‘organiza, into that of collective life, Just as the 
particular Gralisms of several cells tended ta harmorie 
fod blend, whesever chancr made this posible, and 30 
‘Baye birth to the first eulticefar organisms dad then to 
swore and more complex and perfect maltcellalates 0 the 
particular Snaius of our moet semete ancestors begu 
sporadicay to converge whenever the pomsibilty of 
tbstitetiog harmoay for coalict and dash appeared. 
“Here aguin this was achieved as a result of the individaal 
[purpoee of seliconervation, wich impelled tomards the 
‘reation ol social oegunisn as the best cacans of eatistying 
‘hia parpose; and from the primitive patriarch éarly, 
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the tribe and the clan eo our modern socletles social fe 
hax continually moved towards greater extension und 
‘complexity an wel as towards completer co-ordination and 
Scllowehip. 

‘Tis man, who was ocginally one with the rest ofl 
gadually became separated fremit, because in ies alone— 
thanks to is ever wider end more complex collective life 
and to the stimation of an ever mare intimate spiituad 
communion hovel language and ober inventions 
of communal Ele—have arken and developed, at fist 
‘unooascionaly but subsequently more and more contevously, 
‘the two great social ideals of justice and morality ; ideals 
‘which are tending lowly and paicfully but with increasing 
nacones to substitute harmeny of bfe for the struggle for 
ite, 

Harmony of if. the end which men so erkenity desires, 
us sands ont as the wilimete and supreme parpore of the 
Hilagcat portion of the Universe, which alone 4s really 
prerporte. 

I we now conser the relation of our conception of 
life to the exentially srtagonistic myatico-spirtualit and 
sateialistico-pentivist conceptions, which for centuriet 
have struggled and stil are strigging for dominatica, we 
Beall we cleatly that although i is uncguivocally anti- 
aninlatic, Ht doen not shock, a8 the mmechanist theory does, 
‘the promptings of our innermost sentizents which will 
not allow 05 to believe that man isa mere machine, 9 mere 
physico-chemical proces of the same kind as those which 
take place in our laboratories. 

“The feeling that he ia attached by his inaermost nature 
‘olife asa whale, and, on the other hand, that be i ssenti- 
ally Giflereat and ditinct with the whole of life from the 
Inorganic word, willed fresh stimula to man's sympathy 
‘with ali ving beings, and more especialy with the repre: 
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sentatives of his ows species, in whom lie putts i 
‘losst unison with his ow. On the contrary, the belief 
‘hat be is nothing tore than ove of innomerable nsigai 
Seant and fortuitous links in an unending and purpossess 
hysion<hemica? transformation, oo the same level at 
Irate raatter, zat Inevitably have a depeesing and 
feevating infoence os map, crushing all wspirtion 
towards sdvancement and moral cevstion. In place of 
‘this we substitute the optimistic view, jtaitely more 
‘reassuring and encouraging, that man isthe supreroe pro- 
duct of an agelong and uerenstting sddaharation of 
‘that powerful and wonderful cosmic acivity which is bie, 
which, thanks to its mnerionic property, stands aloe in 
its capacity for progres, and for iazoease progres uch 44 
that which fas been achieved from the frst tentative 
ors ofits infinitely distant asd husxble xigins to the 
appearance of the crowning spirit of famins and the 
noblet ideas of the morally finest mon. 

Religious perwoar—for whom we roast all natorally 
foe profound cespect—-ean fd tis trae, in consequence 
of their innate mysticism or their edocation of socal 
* nurture,’ no comfort i ile nor sappert fa ther conduct 
‘other than that farished by fit and trast in the eternal 
‘uurvival of the individual cou! beyond the mortal body ; 
‘they will, of courte, be no less hostile to our conception of 
Me than to the mechasistic. Apast from Wee mystical 
enor, however, ia whom feeling selgas tyeant over 
season, this religous needs not innate in the normal men. 
‘As we bave shown in otber works, it results from s seoti- 
‘mental tendency which in view of very aeonsery coded 
nee, it was the busines ofthe church, im the fst stages 
‘of calective We, 9 implast is al the members of the 
community. Iti, therefore, acquired and transitory and 
‘ends in an inreasing uomabes of msbers of the commmu- 
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fey to iaappeas and yield piace to postive conception 
of the Univere, acording asthe primitive social needs, 
for which rebgion was ousted, lone Chir raison dt 
in our civilied societies. We mee this ilutated in the 
(growing atrophy which seises upon the religious cryan, 
when it does aot gradually transorm ite an among the 
‘Angle Sexun peoples, into « parey educational and moral 
institution. 

‘Thus a new religious attitude (if we wish to retain this 
teeta forthe Gobguation of at idelisic espiraton) it 
tending to take the place of the old assuming new Iormhh 
which are io full accord with sciecce, enlarging its bound- 
area, and placing Its ideal ever higher and higher. The 
man whose mental and emotional attitude has undergone 
{his change will ied minh to sity bis ou in recogning 
‘imascit a8 a small but intensely vibrating part of the vast 
corent of Mle which stray immortal nd whose advances 
in Che gat are the certain warrant of a indeBeite progeent 
fn the foture, 

Narrow and egotistical aspiration towards the impor- 
tay ofthe ldvidual soul wil hea yield place toa Lftier 
‘and more altruistic aspiration towards the completer and. 
more harmario3s fusion of his owa with the univers! 
thythm of the whole spbere of life The individ! wil 
then wilingly accept as nable und eager coveted prvi 
fe the duty of diminishing sorrow and incresing joy 
‘tocg al his kind to whom be is 10 (atinately attaned. 
‘Aude, 100, wil aspire to immorality, bot to a specie! and 
very lofty immortality : that is he will fashion his life 00 
(hat evtn efter material death he wil cola t be for 
1 the ret of life an ever active factor towards progress 
‘ad good This will be possible of ralisation thanks to 
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‘And it will be not mecely the great and icxmortal works 
of science and the ams which will bring colace and joy to 
sroffering humanity ic even the most distant futire ; not 
rmoerely the gigantic and oxebrated achievements of 
‘ecbnical and economic activity which willbe able to boast 
of having realized by their adaptations of the external 
‘world to hmman life a benefit which wil be fit even in the 
roost distant foture epochs ; not merely the subline words 
‘of a Soczates or a Jesus of Nazareth which future genera- 
‘tons wil continue to bless until the end of time for having, 
indelibly imprinted in the human mind new moral posty- 
lates which are more in harmony with the supreme end 
of ite ; but every action, however insignificant it may be, 
performed with a view to good, every act, bowever seal, 
inspired by justice and love, will ave its imperishable 
‘mark on the coming race, and pass on with an ever bene- 
ficant infoence from. one individual to another into the 
rermotest ages 

ence tis im vital purposivenes itself which reaches its 
ccahminating point is society in the supreme principles and 
lofty ideals of justice and morality, it is in his own works 
‘which aim at contributing in the fllest measure possible 
towards the coming of a nobier ead fier huzoan lite, that 
the man of to-day, imbued with this new postive idealism, 
‘will find the means of satisfying his aspirations, which 
«az no less profound, no less irresistible than those of the 
‘most profoundly religious man. 

‘And it is in the joyful barmony of all life that be will 
see the true undytag ideal which is the raison a'r, the 
supreme purpoce, the arimating motive of his individual 
ephement existence, 
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